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PREFACE

The work presented in this report was performed by Kaman
Aerospace Corporation under Contract DAAJ02-72-C-0064

(DA Task 1F162208aA8201), for the Eustis Directorate, U. S.
Army Air Mobility Research and Developmeont Laboratory, Fort
Eustis, Virginia. The program was under the technical
direction of Mr. H. I. MacDonald of the Technoloay Appiica-
tions Division. The authors wish to express their appreciation
to Mr. MacDonald and 4lso to Mr. J. P. Whitman and Mr. J. P.

Trant, Jr., all ¢of t}" Eustis Directorate for their helpful
suggestions.

This project reg

.red efforts from a number of individuals
in the Engineer

1g Departments of Kaman Aerospace. Those
making major gontributions are as follows: R. Metzger,

A. Plaks, R..f.. Meier, A. Berman, H. C. Freeman,
C. P. Harde,.sen, A. Rodolakis, M. J. Tarricone.
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The analvtical godel used to describe the interreslationships
between the various factors affscting the cost and the
effectiveness is crucial to the success of the projact.
Because of the wide variety of nessible models reflecting
missions, vehicle coacests, technology levels, availabie
data, and the aoprocach preferencss

T of the agency verforming
the evaluation, a rather ceneral computar procram was

developed to nandle models of varying corel exi*y and orcaniza-
tion. All the details of the program are given in later
sections. 40"eve;, it is necessary te point out that cthe
procram is based on the imslementation of analvtical models

in the form of logic diagrams

. The diagrams contain co=
putational units which are callied "modules”. The discussiocon
of the models developad in this study will be presented in
this ‘razE" orx, s*artiﬂg from= the overall logic and
procressing to the detzils of the individeval cc=nutational
units.

The analvtical codeis develosed in this recort are considerad
to be adeguate representations of the five ;g;es cf heli-
coptars included in this project, f.e., {1) utility, (2)
cargo, (3) crane, (4) observation, and (5) g‘wsa-n. These
mocdels, however, have been developed orimarily as foundations
to be sn-“ upon and modified as our kneowiedge increases and
for the analysis of specific mission reguirements. The
cszpu.e* irplementation has been specifically develoned to
have the capabilitv to easi handle =in =a3jor chances
in detazls or overall logi 1

The model is logically separated into four major units as
illustrated in Figure 1. The first block indicates the
prelinminary desion of the baseline single-coint design. The
=ajor input items here are the sincle altitude znd tersera-
ture coadition and the basic mission defipition.

The seccné biock to be entered afier

has been acnle"ed indicates

in the aircraft based on a2

temperature condition.

The third blocx comoutes the
producticn and or<rating costs
which will be a function of

e o




ALTITUDE, TEMPERATURE
MISSION DEFINITION

~

) SINGLE-POINT
) DESIGN

a

SECOND ALTITUDE AND
TEMPERATURE

NO. OF UNITS, SERVICE
LIFE, FLIGHT HOURS

PAYLOAD UTILIZATION,
ENVIRONMENTAL STATISTIC

TWO-POINT
MODIFICATIONS

|

BASIC COSTS

;_,

OPERATIONAL
COSTS AND
EFFECTIVENESS

Figure 1. Major Units of Model and
Major Input Data.
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Primary dataz includes the production quantity, the attrition
rate and service life and flight hours.

The last logical block makes use of pavload utilization data,

environmental data and results in the determination of total
costs and effectiveness.

These four blocks will now bhe described in more detail in
terms of the modules included in them. These modules rep-
resent the basic computation required. In this discussion,
the function of each module will be indicated but the actual
relationships used will be presented in later sections. The
model described here is for a utility helicopter but is
typical of all the models. When details are discussed, the
differences between the models will bhe indicated.

Single-Point Design

The modules in the first major block of operations are com-
puted in the following order:

SIZE

TO ALLOWANCE AND CRUISE
MAX RANGE

TOTAL FUEL

STAT WEIGHT

GROSS WEIGHT

The functions of each of these modules are agiven in the
following paragraphs.

SI2E - This module computes the power required, based
on the temperature, altitude, rate of climb, gross
weight, and disc loading. 1In addition, such data as fliat

plate area, main rotor radius, and takeoff power are
also computed.

AT WA A

TR

o

TO ALLOWANCE AND CRUISE - This module compuies the

fuel consumed during the takeoff and cruise at Vpayx
segments of the mission.

MAX RANGE -~ The speed for maximum range is determined,

and cruise at this speed is carried out with a fuel
used computation.

TOTAL FUEL - In this module the required fuel reserve

is added to the two previously determined increments to
obtain total fuel requirement.
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STAT WEIGHT - Based on a statistical weights model
aprropriate to the type of helicopter beinc studied,
the weight of each component is computed.

GROSS WEIGHT - This module simply adds the empty
weight, fuel weight, crew and payload.

Motice that the qross weiaht is resquired in the iivst rodule
and is recalculated in the last. In operat®?
weight is estimated and the entire prccess 1t. rated until
a converged gross weight is obtained. At _..s point all the

design parameters for the single-point design have been
determined.

£ose

Two-Point Modifications

The second block of Figure 1 which determines the chanaes

due to the additional design point contains the following
modules in this order:

SIZE {(Two-point data)
TO ALLOWANCE AND CRUISE
MAX RANGE

TOTAL FUEL

ANAL WEIGHT

GROSS WEIGHT TWO

TO ALLOWANCE AND CRUISE
MAX RANGE

TOTAL FUEL

PAYLOAD

ERROR

The first four modules are the same as uscd previously except

they have as data the altitude and temperature of the two-
point design.

ANAL WEIGHT - This module corrects the previously
obtained weight by analytically taking into account
the changes in torque and gross weight. These
efrfects are used to modifv the weight of the drive
system, rotor, and fuselage.

GROSS WEIGHT TWO - The aross weight of the two-
point design helicopter is obtained.

The next three modules determine the mission furl with the
new aross weight.

PAYLOAD - "his module determines the pavlcad capabilitv
at the first design point.
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E£RROR - The payload just determined is compared with
the requirements. If the pavload is deficient, the
gross weight is increased by the deficiency and the
entire block is repeated until convergence.

Basic Costs

The computation of the basic costs is accomplished with a
single module:

PAPC COSTS

This module computes the production, attrition, crew, and

miscellaneous costs on a per-hour, per-production helicopter
basis.

Operational Costs and Effectiveness

PAYLOADS

OGHWS

TO ALLOWANCE AND CRUISE
MAX RANGE

TOTAL FUEI

MAINT COSTS
HOVER PROB

MET

PAYLOADS - Thi., module refers to input tables to obtain
discrete payloads and their respective utilization
freguency.

OGWS - The gross weight with one of the above payloads
is oktained.

The next three modules then, as previously, cdetermine the
total fuel for the standard mission with the specified

payload. The process is iterated from the module OGWS until
the fuel load (and gross weight) converges.

MAINT COSTS - The maintenance costs are computed based

on the ratios of gross weights, computed MTBF's, and
overload effects.
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HOVER PROB - This module uses environmental
data to determine the integrated probability

that the helicopter can perform the required
mission.

MEI - The mission effectiveness index and the overall
cost effectiveness are computed.
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One of the objectives of this studv is to develop mogels that
have the rcapabilicy to treat a mission profile ccnsisting of
a number of differant types of mission segments. These are:
{aj ground operation, e.g., engine start, warmup, and check-
out; {b} takeosff; {(c) climb; (d) cruise at given airspeed;

{e} cruise at airspeed for maximum range; (f) dash at Vpgys
(g} loiter; (h) hover, e.g., loading or unloading of cargo;
{i) descent; and (j) landing with a fuel reserve. The five
mission profiles compiled for the five typres of helicopters
were compiled in such « way that all of the above specified
mission segments are represented. The one exception is the
descent segment, which is only implied by the zltitude change
between the prececing and following mission segments, but for
which no calculations are performed because past specifications
reviewed do not allow distance credit for the descent segment.
Additional segments were defined using recent RFQ's as samples
to permit construction of any recently used mission profile.

Fobe wwesr

Each mission segment .s calculated for a given altitude and
temperature. Dernending on the type of segment, time, dis-
tance or a2irspeed is specified. In the case of climb and
loiter, the airspeed is not directly specified but is deter-
mined as the speed for minimum powar. For cruise mission
segments, the airspzed is either specified or calculated to
meet specified criteria as will be explained later. In any
case, the calculation procedure includes checks that no
aprlicable stall or power or tcrque limit is exceeded.

Performance at each mission segment is calculated for the
gross weight at the start of the mission seament. Weight
reduction due to fuel consumption is accounted for by sub-
tracting used fuel weight for each succeeding missicn
segment. Payload changsas, as due to unloading or loading of
cargo, rescuees, troops, Or armament, may be accounted for in
determination of the initial gross weight of any seagment.

The draa changes due teo off-loading or vicking up of external
cargo, or disposing of weapons during the missior can be
accounted for similarly to pavload changes discussed above.
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Tablg I is & listing of segments included in the five mission
profl;es. _Tae approaches to the analysis oI these segments
are given in the following paragraphs.

Mission Segment TAS Distance Time Power

Ground Operation 0 0 Snec. Fliaght

Idle

T.0. 0 0 Ssac. Spec.

Climb Look up s} -ed Calc Calc
for min. power

Cruise @ Given A/S Spec. Calc 3nec.  Calc
Snec. Calc

Cruise ? Given A/S Calc Calc Svec. Calc

for Maximum Range Snec. Calc

V-max, Dash Calc

7o
P{) )

Loiter Look up suoregd Calc Snoc., Calc
for min. power

Iiover 0 i Erec. Calc

Reserve Any mission seamont above or nercent
initial fuel or both 3
Calc = Calculatad Soec¢. = Specifw

el A et

Ground operation fuel fiow is determined directly from engine
statistics. The engine is assumed to be at flight idle
setting as would be the case for preflight checking of
aircraft systems. Review of eongine data showed that fuel
flow is a function of encine size and nressure altitude
resulting in:

b IO b

Bt a1 A R RO B i, 25020 5 A

"
s 8




U R S R

T Al

h
i

Fuel allowance for the takeoff mission segment is calculated
per military specifications as fuel used at a given power and
in a given time period. The power usually specified is the
maximum continuous power rating. The calculations procedure
selects the lesser of the two - engine or transmission power
level - for the specified rating and atmospheric conditions
and determines the fuel fiow for that using parametric part
power SFC vs referred power variation data.

The climb segment regquires that both initiai and finail
altitudes and temperatures are specified. Power rating is
specified as either intermediate or maximum continuous, and
the calculation procedure determines average altitude and
temperature. The engine power available at the specified
rating and average atmospheric conditions is compared with

the transmission limit, and the lesser of the two is used.

The average fuel rlow is determined now for this power. Time-
to-climb determination involves determination of minimum level
flight power from the avpropriate table. Then,

_ 33,000 (HP available - minimum HP reguired)
R/C = 3 ~
Gross Weight

and

Time = 5 Altitude

R/C
With known time and fuel flow, *he fuel used is now
calculated.

Range for cruise at a given airspeed is determined in a very
straightforward manner. Power is determined at the specified
airspeed from appropriate parametric power required tables,
for which fuel flow may now be determined using part power
SFC data. Either time or distance may be specified and the
other is calculated. The fuel used is simply the fuel flow
tines the time.

Cruise at airspeed for maximum range is similar to the pre-
ceding segment except that the airspeed is first determined
by a procedure where specific air range is calculated over a
range of airspeeds. Peak value is determined, and the
corresponding airspeed is then compared to stall, transmission
or yower limited airspeed. The least of these becomss the
cruise speed for marirum range and 1z uscd “or soBnsciaent
calculatinns, as drscribed above.
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Rarge at maximum airspeed is specified for either inter-
mediate or maximum continuous power rating. If intermediate
power is specified, then the airspeed is defined as the dash
airspeed. In either case, engine power available under the
given atmospheric conditions is checked acainst transmission
limit, and the smaller of these is used for airspeed deter-
mination. : airspeed is checkeld so *hat it does not exceed
stall limi airspeed. Power, the rfuel flow, and fuel load
are calcul. .d as described before.

For 211 c¢f the ranqge segments, the distance may be spzcified
as the total required distance less distance covered during
the preceding climb segment, if any. This accounts for these
range or radius missions where mission profile requires
"climb on course to cruise altitude...".
Loiter airspeed and power are determined from tables of
perfcrmance at minimum power in forward flight. Determination
of resulting fuel flow and fuel is straidghtforward.

Hover is determined using the parametric hover power equation.
Fuel flow and fuel load determination is straiahtforward.

Reserve may be specified as a percentage of initial fuel or
it may be specified as any other mission segment; i.e., &
specified time or distance at some specified airspeed orx
povwer level. Most commonly used percentage is 10 percent.

Table II lists the primary mission (first point) definitions
used in this study. The intention is to cover as many types

of segments as possible and to specify represzntative
mi3sions.

PERFORMANCE RELATIONSHIPS

The performance and weight models consist of relationships
to permit specified requirements to be combined with a given
technology level to result in defining aircraft aeneral
characteristics. The requirements include ability to hover
or to have a maximum speed capability, ability to £l
specified mission profiles with a specified payload.
Technology level is defined by characteristics of helicopter
components that will be attainable at a given time, such as
component weight/size relationships, engine SFC character-
istics, aircraft drag, power-weight-speed relationships, etc.
The application of the performance and weight models results

in chargcteristics such as rotor dimensions, weicht buildup
and engine ratings.
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TABLE II.

PRIMARY MISSION DETINITIONS

Keserve - 10% of Initial
Fuel

Change  Changej
Pressure i in
Altitude OAT TAS Time Distance Payload Drag
(£t) {°C) (xn} (nmin) (a mi) {1b} {££2)
UTILITY - PL = 2640 1b
Ground Ogeration 4000 35 0 8 0
Voaxr MCP 4090 35 20
Best Cruise Speed 4000 35 80
Reserve: Best Cruise 4000 35 3¢
GUGN SHIP - PL = 2000 1b
Cruise 2 Given A/S 4000 35 100 38
Hover 4000 35 0 32 0
Vemay, MCP 4000 35 8 -1340* -5
{Cruise 2 3Zest Cruise A/S 4009 35 6
Reserve: Cruise 2 Best
Cruise A/S 4050 3s k{1
CRANE ~ PL = 45,00C 1b
Ground Operation 0 35 0 10 1)
T.0. Allowance (MC?) 0 35 9 2 0
Hover 0 35 0 10 0
Max. Range Cruise 0 35 50
Hover w/o0 Cargco 0 3s 0 1¢ 0 -45,000 =100
Max. Range Cruise 0 35 50
Reserve: Max. Range Cruise 0 3s 36
OBSERVATION - PL = 300 ib
T.0. Allowance (MCP) SL 1s ) 3 0 0
Endurance (loiter) SL 1S 180 0
Reserve - 10% of Initial
Fuel
ITRANSPORT - PL = 25,000 1b
T.0. Allowance (MCP) SL 15 0 3 0 0
Clicd
Cruise (MCP) 7000 1 100
{Descend) 0 0
{Ground Operation SL 15 ] 5 0 -25,0C0
Clish
iCruise (Best Range) 7000 1 100

* Expendable Crdnance
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In this section, performance related tech
be discussed. It should be noted that in
values chosen oniy serve as samples to illustrate the

methodology for determining an optimum two-point design and
do not hecessarily represent the actual values.

nology levels will
some c&ases the

£ngine Performance

The performance of a "rubberized"
characterized by how power available varies with atmospheric
conditions and how specific fuel consumption is related to
rated power and to part power condition.

turpcshafl engine is

Turboshaft engine rated bowar available varies
ture, altitude and forward speed. The last effect, ram,
is ignored as negligible for the relatively low-speed regime
of helicopters created in this stugv

¢y¥y. The effect of
atmospheric condition was determined empirically from current
engine data as:

with tempera-

PA/PRA = PR[1 - 2.08(TR -1)}

where PRA is the highest power rating given at 15°C, SL ang
V = 0, which in this study was eguated to the 30-minute,
interme liate power rating. Similarly, the ratio of maximum
continuous power to the highest engine rating was determined
empirically from current engine data resulting in:

P/PA = RA = .9
In this study the fuel consumption rate is determined for the
specified power level using the "rubberized" SFC versus power
curve keyed to an SFC at rated power. The SFC at rated power
may vary from .55 to .7 for current engines for .36 to .49
for 1980's engines. This data is Dresented in Figure 2.

-~

ror this study the current engine technology data was put
into an equation form as:

SFO = 1.136(PRA/NEN) - 103

where NEN is the number of engines. Thus, PRA/NEN is the
rating of one engine. SFO applies to the highest power
rating at SL, 13°C, ¥V = 0.

For advanced encines for 1939 and bevond

X R &

5‘— -
reduction of SFL is projsctagd

.
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SFC VARIATION WITH
TECHNOLOGY LEVEL

SMALL ENGINES - 300 TO 5900 HP

D POWER
L
i
=4
,o/

MEDIUM SIZE ENGINES - 1500 HP

*
.
X .

LARGE ENGINES - 2000 HP AND
OVER

N RATF
Q

SrC

T

.3 ) i H i
1339 1260 1970 1389

TIME OF CERTIFICATINN

Tigure 2. SFC Data Cormil=d for Aircraf:
Sizina Studies.
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The SFC at rated power is determined by technology level,
engine size, tradeoffs of engine simplicity versus engine
efficiency, and development history of the engine. The
smaller engines have higher SFC than bigger engines because
bigger engines can be designed with lower percentage losses.
Simplicity, such as the use of 1 fixed shaft, is zchieved at
the expense of efficiency. During the development cycle of
an engine, SFC usually improves; however, growth usually
occurs to obtain more powesr within a given 2ngine size

envelope, and SFC improvement is considered of secondary
importance.

The technology level is identified mainly by turbine inlet
temperatures used and pressure ratios employed. These fac-
tors seem to go up hand in hand and result in lower SFC's
and lower engine specific weight. The temperatures with
current values from 1600° to 2000°F will increase to 2400°F
in the 1980-1990 periocd requiring advanced materials and
turbine cooling in various degrezss. Pressure ratios similarl
will increase from the current 6:1 to 14:1 range to up to
20:1.

ny

-

In treating engine statistical data, the rated power was
selected as the highest thermcdynamic, i.e., turbine inlet
temperature limited, rating given, excluding any "emergency”
ratings. Any derating due to gearbox limits was ignored. The
highest, i.e., T.O. or maximum (10 minutes), ratings were
used, if given, instead of the 30-minute limits, assuming that
the time ratings only express limits imposed to achieve
certain TBO. In effect, it was assumed that given engine
would have the same SFC at the highest rating regardless
whether it is a 5-, 10-, or 30-minute rating.

For £fuel consumption determination at part power operation,
the SFC versus referred power was "rubberized” by generalizing
it in terms of SFC and power at rated conditions, i.e., SFO
and PRA resulting in SFC/SFO ver3us PRF/PRA. From the study,
twe shapes appeared as shown in Figure 3. The flatter of the
two curves appeared associated with some of the proposed
(mostly paper) engines, indicating & possible new trend in
turbine design optimization in which the engine manufacturer's
seem to take into account the fact that a good portion of the
time engines are operated at part power and that it is here
where low SFC's pay off. However, it has been noted that

some prototype engines, which were initially designed to have
this flat trend, seem to have moved back toward the current
trend, throwing some guestion as to the achievability (or the
will to achieve) of cthe projected flat trends. Either curve
may be used to determine SFC a%t any power level once rated
power and the corresponding SFC have been selected.
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slightly.
= helicopters
by which

Dus

The ram effect due

studi
fuel con

to forward flight reduces St
to the relatively low forward speed of the
ed, the ram may be 1gnorec. The expression
umption can be calculatcd is then:
W.. = (P)(SFQ) (SSFIKFF

where P is the given power at the desired airspeed, SFO is
the SFC at rated powsr determined as a function of tech-
nology level and engin ize, SSF is the SFC increase face
for part power operztion deisrmined as a funcition of ¥RE/PR
and K““ 1s any loss or allowance factor apoliel. Since in
this study relative fuel loads are sought, appiication of a
loss or allcwance woulé not affect the conclusicns of the
study., and thus, for simplicity, none are applied.

E Hover and Vertical Flight

e A substantial body of statistics exists for various heli-

= copters which estaeblish a power recuireé. Blocxage losses,

- érive system losses, tail rotor and zccessories power were

5 not extracted from the statistics. Thus, the variables are

- gross weight and (total) pow<r at the encine outout shaft.

x Data form is GW/SEP vs DL/DR as is shown in Figure 4.

- This is consistent with the traditicnal C /- = £{Cyp/=, -}

3 oresentation if the latter is expanded for a snecified B
and DL. The curve may be expressed in egquaticn form as
suHp = (.051) (GW) ‘DL/DR) -4l at a specified rate, VRC.

Pcwer to climb wi
power regquired to
potential energy

1.25 results in a

T i I iy
AR R U A R

thout forward speed can be ﬂaic

hover OCE sius an increment
change. Assumince a climb ef 1ci ncy
hover power adjustment as:

LSHP = (VRC) (GwW)/{338080) (1.25) = .00002424 (VRC) (GH}
If i¢ should be desirable to size the engine or trans=t
to meet a2 given vertical rate of clish reguirement with
specified margin of power, then the above may be cosbined to
result in:
. . 41
= SHP = [{.851}IGW {DL7DF; " & + "gupl-ii PR/ISHE
= where PM =0

O P

powt
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Speed-Pover

The aircraft speed-power-weight-drag relationship is a
function of rotor characteristics, such as airfoil sections
used, taper, twist, disc and blade loadings (and thus
solidity), tip speed schedule (and thus tip Mach number),
etc.

For this study, data were generated for the following char-
acteristics:

Airfoil: NACA 23012 (constant)
Number of Blades: 4

Solidity, S 0.1

Tip Speed 700 fps (constant)
Taper None

The airfoil selected is for a current state-of-the-art air-
foil with yood stall characteristics. The drag-lift
characteristics are well established throughout the Mach
number range. The other listed characteristics t.ere chosen

as typical for helicopters currently in use c¢r in development.
The data were obtained by a standard rctor performance program
involving an iterative numerical solution of the blade
flapping equations of motion.

The results are used in the model in a parametric form as
illustrated in Figures 5-8. Data are entered into the program
in two ways to allow determination of airspeed for a aiven
power and determination of power at a given airspeed.

TAS
rPOowW

f (DLN, POW, FOW)
f (DLN, TAS, FOW)

These tables apply for speeds above speed for minimum power
with accuracy improving as speed is increasing. Accuracy of
the tables reduces at reduced airspeeds due to the shallow-
ness of the slope of power vs airspeed. For this reason,
separate data, as shown in Figure 9, are entered for speeds
for minimum power o accommodate performance related to this
speed such as loiter and maximum rate of climb. This data
again are in twe forms:

=

TAS
MRHP

£ (DLN, FOW)
f (DLN, FOW)
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Figure 7. Speed-Power-Weight-Drag
Relationship for DLN = 8,
S = .1.
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The parametric form used in the table is the result of
determining the most meaningful way ot presenting the power-
speed-lift-drag relationship for a given rotor geometry. The

early forms of C, - Cqp - u types of presentation have lost

some of their usefulness ever since Mach number effects have

been taken into account. The form used, however, is consis-

tent with Cp/0 - Cy/0 - CL/- - V/2R - 5.~ M relationship and

has the advantage over the latter that it is closer to the
dimensional form. In this semi-dimensional form, rapid :
comparisons can be made of data used with other estimates or

test data and corrections made incrementally or percentage-
wise as desired.

The relationship between the traditional coefficient type
formulation and the used semi-dimensional form is illustrated

by the following. Co/s is defined when C?/c, CL/q, ¢, V/IiR
and M are given. - .

There is no increase in number of variables to define a
condition if instead of V/%R and M, one would specify V and
2R and assume a nominal speed of sound to relate these as

AR = Mc/(1 + V/"R)
V = (V/3R).R

The remaining coefficients can be rewritten as:

‘M‘,‘G o
!

M—— e TR,
i T R R A e I

3 3
(C_/=}A = ¢IZR)7/550 C /r ., %
D . B
P0W = 5—— = 5tg
(C,/*)A & £ ( R) /0
; q=.50V = ,S(DR)SO(V/iR)z(QR)Z
1 F_(DR) (C /o)A o ¢ (2R} % (DR}
= FOW = =% = 5 5 5
] w4 (C; /o) Aco (2R} “.5 (DR) b (V/2R) © (1R)
é _ CX/G
é c /o -Se (v/aR) 2 (zm) 2
: opt o G i, /) 5J7f o R gc
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Ir the above, the use of a nominal speed of sound may, for
some off-design condition, introduce a small error. With a
20°C change in the temperature, a 3-1/2-percent error in

resulting Mach number is introduced. This, however, should

be an acceptable penalty for a study such as this, and thus
the data presented is generated for C =

= 1117 £ps only.
Variation of solidity does not require separate charts but
can be accommodated similarly to Reference 1. This reference
substantiates the equivalence of a drag change to inflow
change resulting from a solidity change. 1In this study the
datz was compiled for S = .1; performance for any other S

can be obtained by entering the data with an adjusted eguiva-
lent flat plate drag area:

R , (G) (BL) (S - .1)
7 Yactual 4q2 .

The adjusted F is now used to calculate FOW as before. POW
is determined from the data at the desired normalized blade
loading BLN. The chart values in the presentation of this

report must be used as DLN/S. For example, values shown for

DLN =,6 1b/ft2 and S = .1 are really for a BLN = 6/.1 = 60
1b/ft*.

The tip speed in this study was chosen as 700 fps representing

the current state-of-art average. The outcome of this study

will not be significantly different if run at any other tip

speed. However, if it should be desired to repeat the study

for any other tip sreed, new power required must be calcula-

ted. From this, either a new data table must be generated 3
or a suitable adjustizent found for the existing data. ;

Geometry of the rotor blade naturally affects the power levels
and is an inherent part of any performance presentation. The
characteristics used here, such as airfoil and twist, are
current technology and should yield representative results.
However, as in the case of tip speed, should it be desired to
investigate some different geometry, then corresponding power
data must be calculated, from which a new table can be gener-
ated or a suitable adjustrment found for the data now used.

i

i

Ak vy

The tables yield main rotor power. To obtain total power,
i.e., power at the engine output, a factor was determined
which includes the effects of i1ail rotor power, accessories
power, and drive system losses. The factor applies only to
forward flight and 1is:

MRHP/SHP = KPP = .9174

ol
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Stall

The ultimate limiting factor on airspeed is stall of the
retreating blade. For the purposes of this study, the stail
boundary was determined consistent with the data generated

for forward flight. Thus, they contain the same assumptions
as the power required. Stall was defined at the airspeed when
the ancle of attack reached 1* Jdegrees at the outboard section
of the blade. The angle was found to be just below the stzll
caused break in power vs lift curves. The data is showa in
Figure 10. The data are entzred into the program in the formof
an equation:

TAS = 70 + 15.7(15 - DLN)/ (1000 Fow) 2228

For operational use, helicopter maximum airspeeds are limited
tc airspeeds below stall. The margin, SM, specified for this
study is 10 knots.

Drag

Drag of aircraft is most conveniently represented as a
function of gross weight to tne two-thirds power, a relation-
ship which assumes that a characteristic dimension exists
which, when cubed, gives a volume proportional to gross
weight, asd when squared, gives an area proportional to the
equivalent flat plate drag area. Statistics from various
current and projected helicopters have led to the trends
shown on Figure 11.

The statistical drag data is treated as a function of maximum
gross weight of the helicopter. There is no assurance that
helicopter cargo spaces are designed to carry the max-_mum
structural weight limited paylcad. In fact, for many heli-
copters the maximum gross weight has grown by a third, without
a corresponding increase in cargo space. However, since the
cargo-containing fuselage, as a rule, makes up less than a
guarter of the total drag, the cargo space is not a signifi-
cant factor. It was felt that the total drag is more related
to the maximum gross weight of the aircraft which dictates
rotor size so that gross weight adeguately represents the
aircraft. In the case of helicopters with considerable de-
velopment and growth behind them, the latest gross weight was
used for correlation purposes. Then, halicopters at their
maximum GW exhibit higher disc lcadings than originally
designed for. Tius, the statistics reflect the tendency for
new aircraft to be designed for higner disc and power
loadings.
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Disc loading, Airspeed, and Drag.

27

wumun.m;L.r,nlnhwnmm;\ S Al b

b

Al




EERE

1

8Q Fr
1

AT

N,

100

ad
o’

iy

CRANE

R R

11 lllll

UTILITY
TRANSPORT

|

OBSERVATION

T PLAT PLATE ARE

"
b

10 GUNSHIP

QUTVALL

B

il |‘I,:IAI\' MR e G |;|!,|f.\|l.l‘l.ly; AR

1l L 1| Ljiﬁd AL,IIJJ!ﬂg I L Liivip

10? 10° 10
GROSS WEIGHT, L8

Figure 11. Drag Trends for Differen%t Tyoes
ocf Helicopters.

Lt A

A

28

bl o

il

A st ek il

|

A

iy

A AT



TR R

T

IR

TR

T
L

" T 7 " Bl i Ty X
B s U AT S s W R A MU A

il

Depending on the type of helicopter, the loading density
varies and thus the volume-gross weight relationship.
Therefore, different fairings were drawn for the various
tvypes of helicopters.

AR

These expressions cover only the basic aircraft without
external stores or cargo. These items have a charactsristic
of themselves and are treated as an add-on to the basic drac
In this study, it is assumed that all fuel is carried in-
ternally, i.e., no external fuel tanks are used. Furthermore,
it is assumed that no external stores are carried by the
cbservation-utility-transport cateqories of aircraft. The

weaoons drag of the gunship is assumed at an eguivalent flat
plate drac area of 5 £t2,and the careo drag area for cranes
is assumed to be 100 ft2. 1If desired bv the user of the
proaram, these add-ons can also be rubberized by use of
suitable statistics.

I A L R R TR

i

The above resulted in the following relationships to
in this studv.

an
&
M
2

A

Utility, transvort £ = .035 -;2/3
Observation £= .03 g%243
Gunship £ = .02 s%3§3 + 5
Crane £= .07 G#°7 + 100

RS

The statistical weight model used for the estimation of con-—
ventional {sincze point) desians was developed to represent
the five types of helicopters under consideration and to use
relatively limiteé data such as %calé be available durinc
a typical predesign situation. This model is 3 furtner
develooment of that given and fullv documesnted in Referencs
The statistical trenés were based on analvses e‘ the
followinc heliccopters

CH-3C HE-2D

CH-34 HHE-32

CH-37 UH-2A/8

CH~-533a Ul-19

SH-3A UH-1B

§-52 gH-1D

5-51 UH-1X

The ecuations are lisled in the STAT WEIGHT m=module and ar
not receated here. There are three tvoes of data ussed in
the parametric eguarions, as fcllows:

L]
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Basic Input Data - These data either define character-
istics of the vehicle or are a result of performance

radius. The required input data are listed in Table III.

Intermediate Data - Actual values may be used if known
from design definition. If an actual value is not
available, an intermediate data value can be calculated
using input data and the appropriate equations. An
example is Tail Rotor Radius. If not known fron design

- : . 5 2
using input data conly, by .087 f{rotor radius)1-22,

Calculated Weight ta - The weight calculated by
weight egquation 1s used in a suuseguent welight ecsa:zea
An exarple is Blade Weicht, which is suvbsecuentlv used

to calculate Hub Weight.

ANALYTI WEIGHTS

The statistical weight model is appropriate for
point baseiine vehicle. The modifications resulti
additional design point will result in changes in ra
ture, drive sgstem, and rotor. These changes are due to the
changes in gross weight and engine and rotor torgue. Tt

se. 1ie
other major elements (engine, fuel system, a2nd fixed weights)
of the vehicle are assumed to change only insignificantly
since the basic mission is unchanged.

tructure

The various elements of the structure of a typical helicooter
were examined from th~ poiat of view >f whether the weight of
the element was signi.icant and what iiaés of loads were the
major design consideration. It is assumed that limit load
factors, sink speed, ané crash cr te**a are not changed witl

L
the changes in gross weight due to the second design point

criteria. )

The elements of the structure considered include the forward
fuselage, center fuselage, tail cone, vertical tail (tail
rotor pylonj, horizontal tail, landing gear, engine and
transmission mounts and carry throuch structure. In general,
the items which contribute si gﬂifican* weight can be lu=med
together as the fuselage and tail and the ?a.ncis'-i- gear. So=e
£ &%

i

the components are desicned by steagdy {1 .1"1; icads, some
by vibratory loads, sorme by landing loads, some by cargs
loads, etc. The steady loads can be expected to be propor-
tional to the gross weight. Landing loads also are
proportional tc gross weight. The vibratory loads are th

e
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calculations. Examples are: Nuzber of encines and rotor

definition, the tail rotor radius {in feet) is estimated,

LA M B 0

il ot e

i s

o o, o o ot 4

A




TP Wl P

s

bt U

hHi

PR

T e
TR g ale

IR

W u,'m': l

TABLE III. INPUT DATA FOK PARAMETRIC WEIGHT ANALYSIS

Symbol Data

AG

= Number of Auxiliary Landing Gears

BF = Blade Folding Option (= 1 if used, = 0 otherwise)
BRK = Main Rotor Brake Option (= 1 if used, = 0 otherwise)
CAp = Gallons of Fuel - Gal.
CB = Blade Chord - TFeet
EDS = Engine Drive Shaft Option (= 1 if used, = 0
otherwise)
EN = Number cof Engines
HP1 = Rotor Horsepower - hp
HP2 = Installed Horsepower - hp
ITR = Intermediate Tail Rotor Gearbox Option (= 1 if used,
= 0 otherwise)
KLG = Landing Gear Geometry - Values/Configuration
.0157 - skid Gear
.0247 - Sponson Mounted
.0280 - Quadricycle
.0329 - Tricycle - Fuselage Mounted
.0405 - Crane - Straddle Tvype
KNAC = Nacelle Arrangement - Values/Configuration
.96 - Twin Enagines Mounted to Transmission Forward
or Aft of Ma.a Rotor )
1.19 - Single Engine Mounted to Fuselage Forward
or Aft of Main Rotor
1.23 - Twin Engines With Combining Gearbox
2.26 - Twin Engines Outboard of Main Fuselaae
Add Factors for More Than Two Engines
MOW =

= Maximum Operating Weight - Lb

= Number of Main Rotor Blades
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TABLE III - Continued
Symbol Data
NR = Number of Main Rotors
NULT = Ultimate Load Factor
P = Number of Passengers
RM = Main Rotor Radius - Feet
S = Main Rotor Solidity
TAF =  Type of Aft Fuselage - Values/Configuration
8 - Full Fuselage Depth at Splice of Main Fuselage
to Aft Fuselage. Example: SH3A
9 - Tailboom Confiqured for Rear Ramp. Exeample:
CH53
10 - Tailboom Without Rear Ramp. Examnle: UHL9
13 - Full Fuselage Depth at Splice of Main Fuselaage
to Aft Fuselage and With a Tail Wheel Full Aft.
Example: HH2D
15 - Tailcone Upswept From Fuselaage Splice.
Example: UH1D
SW = Total Wing Area
TAG = Type of Auxiliary Gear - Values/Configuration
0 - Observation
0 - Gunship
1.0 - Utility
2.5 - Transport
15.5 - Crane
TAR = Armament Provision and Plating -
Values/Configquration
600 - Gunship (0 otherwise)
TEL = Type of Electronics - Values/Confiquration
(Depends on A/C Designation)
.42 - Observation
.75 - Crane
1.00 - Utility
1.16 - Transport
1.25 - Gunship
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TABLE III - Continued

Symbol

Data

TPU =

TPY

VM =

WPL =

Auxiliarv Power Unit Option (= 1 if used, 0
otherwise)

Type of Pylon Confiquration - Values/Confiquration
(Depends on Type of Aft Fuselace)

14 -

25 -~
45 -

48 -

62 -

Main

Tailcone Upswept From Fuselage Splice.
Example: UH1D

Tailboom Without Rear Ramp. Example: UH19
Tailboom Configured for Rear Ramp. Example:
CHS3

Full Fuselage Depth at Splice of Main Fuselage
to Aft Fuselage. Example: SH3A

Full Fuselage Depth at Splice of Main Fuselage

to Aft Fuselage and With a Tail Wheel Fuil Aft.
Example: HH2D

Rotor Tip Speed - FPS

Desired Weight of Payload
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most difficult to generalize upon. The transition flight
regime is when the highest vibratory loads can be usually
expected. Experience indicates that the vibratory loads are
proportional to GW, increasing by about 4 to 8 times the ratio
cf delta GW to GW.

Simple models of typical structures have indicated that the
weight of the structure will be approximately proportional to
ratios of the design loads. This is, of course, most true
when relatively small changes are considered.

The types of loads which design the separate components will
vary between types of helicopters and even between different
helicopters of the same type. Some elements are not strictly
designed by loads, for example, by the use of minimum gage
skins and landing gear mechanisms.

Because of the great uncertainty in generalizing the struc-
tural weight changes a simple but reasonable approximation is
made in the model used in this study. It is assumed that the
change in weight of the fuselage, tail, and landing gear of
the second design point vehicle is directly proportional to
the change in gross weight from the first point design.
Typically, the structure invoived here represents about 10 g
percent of the gross weight, and a 50-percent increase in ;
gross weight will result in a structural weight increase of :
about 5 percent of the gross weight.

The computer program allows easy modification of this
approximation when it is considered necessary and when
specific aircraft are being studied.

Drive System

The methods developed in Reference 2 were used to determine
the rate-of-weight change with torgue for the main trans-
mission. The analysis includes the optimized weights of
shafts, bearings, case, and all gears. For this study, the
following gross weight helicopters were studied: 3000, 15,900,
25,000, 100,000, 200,000. These are consi 2red typical of
observation, utility, gunship, cargo, and crane helicopters.

Figure 12 illustrates the results of the aralysis. While
the data has been specifica’ly obtained for the main trans-
mission, the percentage change is assumed to apply to the
entire drive system.
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Figure 12. Main Transmission, Rate of Chanace
of Weight Per Unit Change in
Torque.
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Rotor

The relationship between rotor torque and weight-change-with
torque is determined. To facilitate this, it was decided to
limit the study to the components which are more directly
related to the imposed loads. These consist of the blades
and the hub. The retentions, controls, bearings, etc., can
be idealized structurally; however, because these items have
so many mechanical configurations, the calculated component
weights would varv directly from actual cases. It is assumed
that the weights of these items vary identically as the
analytically determined blades and hub.

The approach used nere is as follows.
1. Assemble data providing design paraneters {disc
lcading, tip speed, etc.) for various gross
weight helicopters. Fit equations to these data.

2. Choose materials and appropriate worxing properties.

3. Define configuration to be modeled. Write equations
defining structure.

4. Define lcad conditions.

5. Determine minimum weight configuration for each
point chosen for analysis.

6. For each point, increase and decrease gross weight
by five percent and determine optimum weights for
each new point.

7. Analyze the hub in a similar manner.
Design Eguations - The design equations were derived

from the data of Table IV which is considered to be
typical of the five types of helicopters.
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TABLE IV. TYPICAL PARAMETERS %
Category Observ Utility Gunship Transport Crane %
Wominal G.W. 3000 15,000 15,000 70,600 150,000 i
Rotor

Disc Loading 4 8 9 9 9 3
Tip Speed 650 700 700 760 750 i
Solidity .05 .1 .1 L1125 -1 :
Blade Loading 80 80 90 80 90 i
Number of Blades 4 4 4 5 6 :
Aspect Ratio 25.4 12.7 12.7 14.14 19.1 H

From the foregoina data, the following equations are derived
for rotor blades.

R

.:'564(GW/DL)°S

CB = R/AR

gl AT VRRORG

DL = 9.27515 - 15680.1/GW

I

QMR = .58296 (G¥)>/2/ (pr)1/?

T VAP T

% = 11948 (DL/GW) ">

Materials - Blade section materials were chosen as :
given in Table V. :

Configuration - A typical configuration was selected
as follows:

g R AR

(a) Symmctrical Airfoil 00 Series
{b) Mass Balanced Blade at 1/4 Chord
{c) 1Inboard Extension of Mass Balance to be a Variable
5 {d) Thickness Ratio = .12
L (e) Trailing Edge Cap Length = .05 CB
4 (f) Spar Wall = .08 x .12 CB = .0096 CB
{g) Spar Width "x" is Variable
= 37
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TABLE V.

BLADE MATERIALS

3 Design Design
Lk-In. Static  Fatigue
Elament Material Density Strength Strengtl Comments
Spar 2014 Al L1 68,000 6000 Structural
Member
Mass Balance Lead .4 - - -
pline Cap Al L1041 - - -
E Cap Al .101 - - -
pline Honeycomb .0018 - - -
nd Glue .074 - - -
(Lb-Ft<)

The unit weights of the separate elemenits are found to

be of
where

the following form:

is blade chord and X is spar width)

= ,00097 CB (2X + .17 CB)

(Weights in 1b/in. of lewngth,

= .000108 (CB(CB-X) - .0025(CB>/(CB-X))

Core Cap: W, = .000024 CB(.0036 CB

Core Glue: W4 = .00103 (.0036 CB

Trailing Edge Cap: Wg =

Mass Balance: W, =

6

The area of the spar:

A = .0192 CB(X + .085 CB)

2

2 4 (CB-X)

2

+ (CB~X)2)

.0000152 CBY/(CB-Y%)

.0453(CB) x -

.G00435 CB

2

Load Conditions - The following load conditions were

considered: Centrifugal loading, edgewise moment
(starting torque with limit torgue factor of 2), and droop

bending moment {iimit factor of 2.67).

Because no

general fatigue criteria due to flatwise bending could
be developed, this condition was excluded.

38
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Minimum Weight Confiquration

The minimum weight blades meeting the strength requirements
was obtained. This data is given in Table VI.

TABLE VI. WEIGHT ANALYSIS - BLADES AMD HUB
Total Blade Hup & Blade

G.¥. Weight Hub Weight Weight

(id) (1b) (1b) (1b)
3,150 147.56 15.00 162.56
3,000 130.233 14.31 144.64
2,550 126.67 13.73 134.40
15,750 870.96 70.16 941.12
15,000 796.51 65.16 861.67
14,250 724.16 61.24 785.40
26,250 1930.56 138.80 2069.36
25,0600 1811.43 130.62 1942.05
: 23,750 1690.25 122.51 1812.76
S 73,500 8397.15 636.22 9033.38
] 70,000 7945.01 600.343 8545.15
: 66,500 7498. 49 563.84 8062.33
E 157,500 22948.80 1970.38 24919.20
150,000 21967.50 1849.78 23817.30
142,500 21050.20 1739.41 22789.60
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Vary Gross Weight - The gross weight was varied by +5

percent, and the blade weights were obtained as above
and are also given in Table VI.

Analyze Hub - A similar analysis was performed for the

hub.

The resulting data is given on Figure 13.

39

The results are given in Table VI.
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These requirements are the performance parameters and
analysas translate operational requirements (nurmbers of trcops

of the battle area (FEBA), weapons compliments, supply levels
and resupply rates, etc.) into design regquirements for the
nelicopters (pavload, range, sseed, OGE hover recuirements,
etc.). And these design reguirements are specified such that
under the most severe, or nearly most severe, conditions,

the helicoster will be able to perform its required mission.

In the case of a transport helicopter for example, the
pay
and ¢ argo, the range as that aecessary to move tne payload

to achla"e the required reacglon tlme cr rasupply ra*e, and
soc forth. xO permit sizing of the powerplant, it is

H
ary
altz,uée
the airc
For either a single-point design helicopter, or a nezzccpger
with two design pointe, this requirerent would be the same.

It is the basic premise of the study that heliccpters de-
signed structurally for operation at off-decign conditions
will be heavier and costlier than those whose structure is
designed at the same point at its powerplant. However, it is
believed that when the entire operating spectrum of a heli-
copter is examined, it will be found that the extra capacity
of the overdesigned heliccpter will more than compenscte for
its additional size, weignht, and cost. Thus, each of the
helicopter types analyzed - utility, cargo, crane, cbserva-
tion, and gunship - is analyzed for its overall effectiveness

in performing its intended functions at both design and off-
design conditions.

Mission Parameters

As in other parts of the model, the primary emphasis of sub-
models used to calculate mission effectiveness is on deter-
mining the differences in effectiveness between a helicopter
designed with a single, arbitrary design point ané a heli-
copter designed with an additional, more structurally
demanding desiagn point. Hence, the mission effectiveness
measures are those which concentrate on evaluating these
differences, once a suitable base is established. The base

or reference level mission =ffectiveness fcr each tvpe of
helicopter is established by its design point reguirements.

Aot e i s v o s, A Mt

A

associ “ed data derived from mission analyses. The mission

to be airlifted, distance from troop bases to the forward edge

ayload may be specified as so many troops and/or eguipment

necessary to specify a stringent combination of hover
tempera;=re, climb rate, and power margins that

s
raft nust be able to perform with its design pavload.

~
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Similarly, for either a single- or two-point design helicopter,
the required cruise speed would be the same. When the trans-
port helicopter is operating at off-design conditions, its
cruise speed could be modified, or its range, or any other
pertinent varameter within its capabilities. In general,
however, it is more appropriate to fix these values at their
required levels and to examine the change in the helicopter's
"essential” operational parameters. In the case of a trans-
port helicopter this would be payload. Thus, the approprizte
measure of mission effectiveness to be analvzed in this study
for the transport helicopter would be its paylioad.

For the purposes of comparing helicopters with two design
points to those with a single-point design, payload is an
excellent mission measure of effectiveness (MOE) for all of
the helicopter types to be analyzed by the model except for
the observation helicopter. th utility and crane heli-
copters have peyload as their primary variable reguirement,
with range, speed, etc., set by operational reguirements that

must be met (but not necessariliy exceeded) under any payload
conditions.

For the armed helicopter, performance at high speeds is a
primary design requirement, along with weapons load. But
again, payload has been selected as the variable design
parameter for the mission MOE; the assurmption has been made
that the design value of speed (and the associated maneuver
load criteria) was selected after trading off payload versus
rapidly increasing component weights, particularly the rotor,
at higher speeds. At these conditions, there is much more I
leverage in increasing payload than there is in increasing :
speed, because of the design limitations of the helicopter.
In addition, only a small portion of the helicopters'

flight time will be spent at the maximum conditions, thus
arguing that increasing capability (payload) at lower speeds

is the preferred way to increase overall mission effective-
ness.

e R N DA 0 10 vl 0 o vy

il o

U, ATITARIN LY

For the observation helicopter, the primary performance
parameter is time-on-staticn or time on patrol which can be
expressed sirply as endurance at stated conditions (best
speed for range, best speed for endurance, etc.).
payload is relatively fixed (observer, trackinag eguiprent,
etc.), and other performance parameters like speed are not
dominating regquirements, endurance at a nceminal patrol speed
has been selectaed as the appropriate mission MDE for the
observation helicopter.

Since

A T ot

il
Y
N

WA A Wl




A P HEA

)
A

PR

OSERTTDT ATH

i
ORI SMEENl

i
0 ;‘{u!i

St T TR R

A

i

Bron

Operational Parameters

Operational parameters are those parameters which define the
total environment, both natural and man-made, within which
the helicopter will operate. These parameters are included
in the analyses defining the helicopter design requirements
and can significantly influence .. intended operation of the
helicopter if they are different from those designed for.

In this study, the only environmental parameter which must

be included in the two-point design analysis is the altitude-
temperature profile that the helicopter must operate in.
However, this combined parameter is extremely important since
it determines *he off-design capability of the power system
of a helicopter, and hence, its overall mission effectiveness
parameter (pavload or endurance).
A helicooter designed to hover with a
specific altitude and terperature has a s
horsepower powerplant requirement. A
and temperatures, its powerplant will deliver different power,
and, hence, its payload (or fuel load) capacity will also

vary. Thus it will achieve different levels of mission
effectiveness (payload or eacdurance) depending on the con-
ditions under which it must hover during the course of a
mission. The most concise and unambiguous method to analyze
this problem is presented in Reference 3, and is the method
used in this study. In this method, a joint temperature -
altitude probability distributic.. for a given geograohic area
is prepared first. An example of such a distributicn is
shown in Figure 1l4. The data for botn altitude and tempera-
ture for this study were taken from the above reference, and
an explanation of how the data are obtained and processed is
given there.

The data shown in Figure 14 are usedéd to calculate the overall
probability that a given helicopter carrying a given payload
and fuvel load can hover in the specified environment. This
is done by determining the maximum temperature that the air-
craft can hover at for a given gross weight at a given
altitude. This point is plotted on the graph, and after
several more points are calculated, a line, such as that
labeled “"GW", can be drawn. The process can be repeated

for any other gross weight as well (Gd,, GiW3). This line
represents the combination of altitudes and temperatures
above which (higher altitudes and/or higher terperatures)

the helicopter cannot hover, and hei.ce, cannot serform its
mission. The proportion of area of the chart below this
line, compared to the total area of the chart, is then
nurerically equal to the probability that the helicopter can
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perform its mission in the given environment at the specified
gross weight.

The process described above derives the probabilitv of hover,
or the probability that the helicopter can perform its
mission under given conditions. To measure overall effec-
tiveness, several different combinations of pavload and
environment must be considered. The method of handling

- several different payload levels is discussed in the next
section. The method used in the model to account for
operations in several different environments is discussed
below.

Tc simplify the computation of overall hover probability in
the areas of the world of prime interest to the Army,

the characteristics of 19 countries contigquous to the
Sino~Soviet block were combined. These are the same areas
usea in the analysis referenced above, and are listed in
Table VIL. The altitude and temperature profiles of the
countries waere combined to form an overall "world" altitude-
temperature profile.

For combining altitude data, the probability of being at
or belsw a given altitude is equivalent to the percentage
of landa at or below that given altitude if it is equallv
likely that cne could or would be placed anywhere in the
total land area. Thus,

fj cum Pj cum

where:

f. is the frequency of occurrence or cumulative
J probability of being placed at the j-th altitude
within the combined area of the k countries.

P.. is the fieguency of occurrence or cumulative
-7 probabilitv of being placed at the j-th altitude
within the k-th country.

Ak is the area of the k-th country.
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TABLE VII. AREAS USED IN HOVER PROBABILITY CALCULATIONS

West Germany

France

Italy

Spain

Turkey

Syria - Lebanon
Saudi~Arabia

Iraq

Iran

10. Afghanistan

West Pakistan (Pakistan)
12. India

13. East Pakistan (Bangledesh)
14. Burma

15. Thailand

16. Laos

17. Cambodia

18. Viet Nam (North and South)
19. South Korea
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For temperature, it is necessary to combine the temmerature/
probability data in such a way as to preserve the relation-
ship between temperature and altitude. Hence, temperature
should be derived on a weighted basis for each altitude
investigated. Treatina the probability of a temmerature
occurring as its frequency of occurrence:

¢ o _ k “ijkTik

ij cum ij cum z

is the cumulative frequency of occurrence of
temperature T; at altitude hj within the combined
areas of the k countries.

£..
1)

is the probability of T; occurrina at h.: in each

13k of the k countries. 3

Ajk is the area of each countrv at the altitude hj.
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For altitude, the simple calculation can be performed by
multiplying the percentage of total area represented by a
country and the cumulative percentage of area in that
country at or belo's a given altitude to obtain the fraction
of the total area ¢f all of the countries at or below a
given altitude represented by that country. For a given
altitude, when this is done for each country and the results
added, the total represents the cumulative percentace of

the total area at or below the given altitude. Thus:

pcum j Pcum jk X (Ak/A)

T
k

For combining temperature data, the process is mors com-
plicated. Here, it is necessary to weight a given
temperature value by both its frequencv of occurrence in

a given country at a given altitude and by the percentage
of area of a given country at that altitude. Cumulative
frequencies of temperature for a given temperature level,
multiplied by the fraction (not cumulative) of area repre-
sented at a given altitude yields the cumulative frequency

of occurrence of the temperature at the altitude of interest.
Thus:

Pi(cum)j = Pi(cum)jk X (Ajk/Aj)

A ™

Since the altitude/fraction data is given on a cumulative
basis for each country, a method to derive a frequency dis-
tribution histoaram must be devised so that area fractions
can be assigned to each altitude for each country. If a
very larae number of altitudes were being investigated, the
histogram would closely approach the actual frequency dis-
tribution. However, only a limited number of altitudes were
calculated in the current calculation. Applving the histo-
~ram approach to the entire altitude distribution curve

might result in a rather gross histoaram where much area
would be represented by a single altitude. However, since
the accuracy of the source cumulative frequency distributions
for temperature (and altitude to some extent) is somewhat
questionable (as indicated by the methods used to derive these
data in Reference 4), extreme care with development of a

histoaram is probably not warranted considering the overall
temperature accuracy.

To derive a consistent weightinag function for the temverature
data at each altitude, a sampling approach was used. Here,

a narrow band of altitudes was selected around each altitude
for which weighting data were required. This number was used
as the weighting factor. The size of this number deperds on
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two things: (a) the size of the country; and (b) the slope
of the altitude distribution curve in the band seclected.
Obviously, the size of the country should have an effect on
the weighting of the temperature. The local slope indicates

how rapidly area is being added to the cumulative distribution
and thus reflects the percentage of area considered as
representative at a given altitude.

After performing the necessarv computations, the cumulative
joint probability distribution for altitude and temperature
was obtained. These data are shown in Fiqure 15 and were
prepared in tabular form for use in the computer model.

Utilization Parameters

The previous sections discussed the choice of pavload or
endurance as mission effectiveness narameters, and how
environmental conditions of hover altitude and temmerature
affect the helicopter's ability to verform its mission.

The latter factor is dependent upon the amount of pavload
or endurance required, which in turn, depends on how the
helicopter is utilized. Thus, a third factor to be con-
sidered in determining the effectiveness of a helicooter is
the relative frequency with which it will overate with a

given payload or endurance (fuel load) over its onerational
lifetime.

e TR

An example of utilization data is shown in Figure 16, which
was prepared using data from Reference 5. These data illus- :
trate typical utilization patterns for utilitv transport obsecr- :
vation, crane, and gunship helicoptecrs. Unfortunatcly, many :
assumptions would have to be made to derive a relationship i
between the gqross weight distributions shown in Figure 16
and the corresponding payload/fuel load distribution. Since :
this analysis was beyond the scope of the current studv, this :
effort was not conducted. However, it was recoanized that :
this could be an important factor in devermininag overall
effectiveness and in optimizing selection of a second desian
point. Hence, provision was made in the effectiveness model,
and the computer program, for includinc this factor in the
effectiveness calculation.

T ] e b

R

Effectiveness F~uations

F3

T

The basic equation used to calculate the effectiveness of
a helicopter is:

MEI = (PL) (PHOV) (PUF)

N A A R
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The use of this effectiveness index is illustrated below.

It is desired to determine the optimum two-point design of a
transport helicopter with a given design payload requirement
at a hover condition of 4000 ft, 95°F, 300 ft/min rate of
climb. The ship must have a range of 300 NM, a cruise spead
of 160 knots, etc. Using the techniques described in pre-
vious sections, two helicopters are "designed": a hnelicopter
with a single-point design (4000 £t/95°F) and a helicopter
with two design points (4000 £t/93°F, 2000 £+/75°F). These
helicopters have different gross weights and empty weights,
but a common design payload.

To compare their respective effectiveness levels, representa-
tive payloads spanning their range of capabilities will be
used, from 0 payload up to a payload that overloads the
helicopter, say 10 percent over design payload. Using thzse
payloads, a utilization frequency is obtained for =ach level.
These are the same for either helicopter, since the payload
increments match. However, the gross weight level associated
with each paylocad level is different, depending on which
helicopter is examined. This results in a different prob-
ability of hover, which ir turn, affects the effectiveness
index. After the effectiveness index is calculated for each

payload increaent, the sum yields the overall effectiveness
index for each heiicopter.

A sample calculation illustrating this technique is shown
in Table VIIiI. 1Included in the table is a cost factor
covering life cycle costs for each helicopter. A detailed
explanation of how these costs are calculated is given in
the next section. If costs are included, a cost effective-

ness index can be calculated rather than just a simple
effectiveness index. Thus

{PL) (PHGV) (PUF)
0 CPFH

OCE =

S

J
where:

CPFH is the total cost per flight hour for the helicopter.

After examining the case for the two-point design helicopter
described above, another calculation can be performed for
another one (say 4000 £t/95°F, 3000 £%/75°F). Several of
these calculations then lead to a series of optimization
curves, from which the optimum second design point for the

helicopter with the given mission requirements can be
determined.

51

B+




AR N U - ———— S—— - ——. 5 . 8 1 o RN - e e em——

98°6 = dUDO €E°0T = 41D0

8L2E = IdW bvee = I
she 0°90¢ 0e6 " g6L’ze ove 0°06Y T68° 009702 oT" _00s%

(ub1s0q)
ove 6*2TL 066" ooe’‘ze oce S°21L 06 000°0¢ 1 0009
geEeg S99ty 0LG® ovy't1e S1¢ 6°2tV 296° 0S€’6T o1’ 00sd
otge 8°08L 9L6° 0L0'T2 01¢ v bLL 896 08L'8T1 0¢- 000V
9¢¢ 0°2LT £86" 096’02 90¢ £°0LT £L6° o0T2’‘sT s0° 00s¢€
[44% L9967 686" 0s0’o02 ¢ot G'eee GL6* 00L'LT ot’ 000¢
6TE B'£CT 066" 096’61 862 T1°€2T $86° 022'tL1 s0° 0082
9Tt 0°001 T~ 0L0'6T vee 0°'66 066° 09,971 50 0002
b1¢e 0°SL 1- 00981 162 9°bL 566° 00£‘9T1 q0° 0051
[AR$ H°*0¢% T~ 0L0°8T 88¢ 0°0¢ T- ov¥8’s1 S0 0001
T1T¢€ 0°6e 1~ 08G‘LT 98¢ 0°s2 1~ ove’‘st 60" 00§
01¢ 0°0 I~ 060'LT e8¢ 0°0 [~ ove'’'p1 G0° 0
(I4/¢) 334 qoxd (q1) (24/s8) 334 qoad (q1) Aduanboag (a1}
350D jo ADAO} JybtoM 380D Jo I9a0H  3ybropm UOTIRZTITTIN pProriuvg
Xopur Xopurg
I93dODTIOH I03dOdDTTaH

JUTOd UbTsoQg oM,

JuUTOd ubtsag aTbutg

NOILVWINOTYD SSUNIAILOAIIA LSOO FTJIWVS

*IIIA 1AV

~N
721




R TR

R

T o gl
e e A L

COST MODEL

The cost model is a statistical approach to aircraft cost
estimating. The cost estimating relationships vcilize
empirically derived cost functions. The costs have heen
functionally related to basic aircraft parameters such as
empty weight of airframe and installed power of engine. The
model is sufficiently detailed to distinguish cost 3if-
ferentials between two-point design and singla-point design
helicopters. This approach allows cost estimates to be made
based on primary aircraft parameters before a detailed desian
is actually completed. The cost model is broadly divided
into initial and operating costs as illustrated in Figure 17.

Initial Costs

Initial Production costs are based on a rodel evolved by
E. H. Yates (References 6 and 7). The productiorn costs are

subdivided into airframe, engines, and covernment-fu.nished
aircraft equipment (GFAE).

Airframe direct labor costs were derivad from direct labor
man-hour data contained in Aeronautic:l Manufacturers flanning
Reports (AMPR). The costs were estimated on a per-pound

basis at production number 1000. The. average labor learning
curve as a function of production nuaber, NP, is:

c= 431208 "3

The airframe labor cost, in dollars, is given in terms of
AMPR weight*, WA, in poundss

Labor Cost = 17.53 WA" 52

Thus, when ccmbined with the lezzning carve, the airframe
labor cost is

CL, = 76.2 Wi {NP)

where CL is in dollars and WA is expressed in pounds.

azi

* AMPR weight 1s Reronauticzl Hanufacturers' Planning Report
welaht which is empty weight of aircraft less (1) wheels
and brakes, {2) engines, (3} starter, {4) cooling fluids,
(5} instruments, <tc.
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The cost for airframe materials for subsonic aircraft was
found to be & function of airspeed as well as weight and
number produced. The following relationship is for fixed-
wing aircraft, but since its effect is small and a better
relationship was not found, airframe material cost is defined
as:

cM = .007(wa)/ (5P) "2 (Tas)1-24

where TAS is tha aircraft speed in knots.

Zumulative average engineering and tooling costs per airframe
are related to the total number of units planned for produc-
tion. Based on post %orld war II aircraft the relationship
for engineering ané tooling costs is:

CET = WA(220/8P + 7.5/8p°1>)

where NP is the nwwber of units plani:ed for production.
re are additional costs which must be added to the above
s. These are general and administrative expense (GA),

ineering change proposals (CCP), and profit (P). The
lowing relations apply:

GA = 0.1(CL + CM}

Ly
)
ot
]
w2

(CL + CM + CET + GA)

Jot

P = 0.1(CL + CM + CET + GA + ECP)

tions above, the AMPR weight, WA, is related to
eight, WEM, by

Data for 17 turboshaft engines were analyzed. The best least-
sguares fit was made to obtain the L0110k-hg relationships:

CE = PREA(S58 - .006 PRA/NEN) PRA < 3500 #HP
CE = NEN(129,500 + 37(PRA/NEN -~ 3500) PRA > 3500 HP

wnere PRA is in horsepower per engine and CE is in dollars.
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The GFAE categorv usually includes the cost of ordnance and
armament and electronics that are not an integral part of the
airframe and engines. This cost item is highly dependent on
mission objectives and type of helicopter, and therefore, is
Gguite sensitive to the function of the aircraft. For this
cost model, insufficient data exists to derive a cost
estimating relationship for the varicus types of helicopters,
i.e., utility, observation, gunship, etc. An estimation
equation with limited data was found to be:

CG = -3760 + 4.79 WA

The initial costs are plotted in Figure
number of 100 of a 120-knot helicopter.

oot

8 for production

The cost of production (CP) is then defined by:

CP = 1.321 CL, +# 1.331 CM + 1.21 CET + CE + CG

To simplifvy the model, the constants are included in the
individuel terms to yield:
eqy + 83, ny - 39
CL = 1011 (%A) 7 (XP)

1 22
CM = .00931(WA)(TAS) " “7/(xP)"

=
CET = 1.21(WA) (220/(%P) + .75/(upP) ")

)
"
]

CL + CM +# CET + CE + CG

The costs of attrition (CA) and initial spares (CI) are

0

{YAR) (CP) (SL)/ (NP)

and

Ci = .1(CF}

The production, spares, and attrition cosis are summed
to form:

U A

CPIA = CP + CI + Ca

Cperating Costs

{1 A

The operating cost portion of the model 1s broken down info
g three main categories, as :s shown in Figare 17: maintenance,
direct operating costs, and attrition.
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intenance costs consist of overhaul parts and labor and
fieid maintenance. The field maintenance category inclu

abor, stock fund parts, and PEMA (Procurement of Equip=en
and Missiles, Army) parts. The direct cperating costs are
composed of crew costs and petroleum, cil and lubrication
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A regression analysis was performed on the cserating costs
{Reference 9) of 17 Army helicopters to dstermine cost es-
timating relationships. The correlations are based on the
empty weight, WE, of the helicopter. These operating cost
estimating relationships are gi'en below:
1.323 7]
CFM = .00191 WEM ™™/T
E
COPL = 1.016 WEM "TN/T - WE - 3290 1b
S d -89
CP20L = .0038 wWEM ]
CFM = -87.6 + .653362 WEM {TN/T)
COPL = 18.16 + .00233 WEM (TN/T} P W= - 3200 1b
CPOL = -2.5 + .00233 wEx
CC = 101 + .003% =2
The fuel costs can be described by the above statistical
reiationship but since the actual fuel lead is calevtiated,
the fuel cost can be calculated using:

CFUL = .23 WFL/6.5

The expression for the caintenance operatineg (CFM) costs is
for average operating conditicns. If the helicopter is
operated at an overloaded or underloadeéd condition, the
maintenance costs will differ from these. This comes zbour
due to a change in the average failure rate of coroonents of
the helicopter system. Maintenance costs are inverselv
proportional to the mean time bhetween failures. To deterc.ne
the mean time between failure, the probability of failure as
a function of loading was related to the probabilitv of

failure as a function of time.

The probability of failure, P_.{L), as a function of load, L,
is typically of the form {Reférences 10 ang 11):
L + 2 .
P(L) =1 -exp - (=2 1,
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The probabiliity of failure as a function of time shown is of
the form:

4
= - » - 1 =
PF(t,T) 1 - exp (-.69: T)

where T is the mean time between failure.

When the elapsed tine t = T, the probability of failure is
.5; i.e., at the mean time between failure the probability of
failure is 593%. This corresponds to an average loading of
the helicopter (L = 1). If the loading is increased to

L = 1.4 for example, the probability of failure increases to
.9. A failure probability of .9 at time T1 determines a new
failure curve and thus defines a new MTBF which is T2. 1In
other words

PF(L) = PF(Tl, T2)

resulting in

T2 _ .693
Ti L + a
( 3 )Y

Thus, the new MTBF, T2, is determined from the load factor
L and T1l.

The mean-{ime-between-maintenance actior:, Tl, was determined
from data in Reference 1l2. Failure ra*es per fiight hour

were de.ermined for 35 systems included in helicopters. From
this data, “he average flight hours per failure was determined
and was correlated to the empty weight, WE, of the helicopter.
The relationchip is

_ 5544
T = .6778 + a2

where T is the average mean time between failures in hours
and WE is the empty weight in pounds.

The loaded maintenance costs are then obtaired by multiplying
the above equation for CFM by the inverse ratio of the mean
time between failures.

The above relationships result in *tbe relationship

T/TN = .693/((OLF + .01/7)/1.15)°
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where T, TN are the actual and the normal mean time between
failures. OLF is the overload factor and is the ratio of the
gross weight to the design gross weight. 1In practice, it is

found that in effect that OLF is never less thaa .5, corres-
ponding to T/TN of 7.6. This implies that maintenance is
still performed even if the helicopter is not fiown. When
OLF > 1.5, catastrophic failure occurs.

The costs are all reduced to cost per flight hour using the
following equation:

CPFE = CPIA/(12(MFH)SL) + CD + CMT + 60 CFUL/TTIM

where TTIM is mission time in minutes and CPFH is in S/hr.
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COMPUTATIONAL METHOD - USER'S GUIDE TO ZODIAC II

The elements of the analytical model described above must,

of necessity, originate in several different sections of an
Engineering Department. Each of these model elements is
subject to minor or major changes due to variations in
mission and helicopter type under study, technology level,
design philosophy, data available, or budgetary considera-
tions. The overall logic is similarly subject to changes

for these reasons and, in addition, because of the particular
parameters to be varied and because c¢f variations in the
purpose of the study.

The conventional approach to this modeling study would range
from a simple computer program which would have to be re-
nrogrammed for each of the many modifications in the model

to a complex program which includes prior provisions for all
the possible modes of operation. The objections to these
methods include the high cost of many changes (for the simple
program; or high initial costs (for the ccmplex program), the
difficulty of varying modes of operation; changing criteria;
and expandinag capabilities. The most serious disadvantage,
however, is the fact that the enaineer is left out of the
decision loop. Typically, the engineer would describe his
requirements to a programmer (or make major program changes
himself), or he would select options from a coded table. 1In
this environment of continual change, the risk of getting
meaningless data is significant.

The approach selected here for implementation is an outarowth
of a computer program originally devised at Kaman primarily
for weights analyses, where typically the analytical models

are continuously chanaing. This program, called ZODIAC, is
described in Reference 13.

The primary motivation in the development of this program
was that it shculd be a tool which is completely meaningful
to, usable, and changeable by an engineer with no or iittle

programming experience. It is believed that this objective
has been achieved in ZODIAC II.

PROGRAM FEATURES

Prior to describing the program usage in detail, some of *the
features and the organization will be discussed. Examoles of

all thcse features can be found in the listings of the model
formulations in Appendix II.
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Modular Organization

The analytical model is divided into separate computational
units called "modules". Each module generally is used to
carry out one logically self-contained computation. Examples
were discussed in the previous section on the Analytical
Model. Typically, individual modules will represent computa-
tions like statistical weight, mission fuel requirements,
initial costs, mission effectiveness, etc. Many of the
quantities involved in the module will not be used any place
else in the model. Only these variables which are shared in
common with other modules must be specified. The module will
consist almost entirely of the equations which define the
computation. Each module must have a name so that it may be
referred to by the "control module"”. Modules may be easily
charnged by adding, removing, or changing equations or the
entire module.

Control Module

The overall logic of the analytical modei is carried out by

the "control module". This portion of the program consists

mainly of instructions specifying which module to run next.

The same module may be run more than one time by the contrel
module.

Logical Operations

The number of types of logical operations has been limited

to true operational decision making functions. It is pre-
ferred that the engineer change his model to reflect changed
ground rules rather than include several possibiliities and
choose between them with pseudo-logical input codas. 1In this
manner the engineer is always fully cognizant of his model
and it is always under his full control. This apwroach is
possible because of the ease and safety with which such
changes can be made. The two major logical operations includ-
ed are: (1) automatic iteration within a module or around
several modules (as is commonly used in weight estimation

or in determining the power for maximum range); and (2) a
conditional evaluation of a variable (as might be used to
prevent a power required computation from exceeding some
torque l_.mitation).

Equation Form

The actual equations make up almost all of the mcdel. The
equations are written in algebraic form (consistent with
FORTRAN) and allow all arithmetic operations including
exponentiation. See listings in Appendix II for many examples.
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Table Look Up

Since tabular data will noxmally make up a substantial
portion of the input data to any modeling program, ZODIAC II
has an automatic table look up feature. Linear interpolation
of tables with up to three independent variables is auto-
matically performed.

T T

InEut Data

Input of data is extremely simple. The program does not |
presuppose any point of input or any particular data. Data :
is always self-identified and may be freely input with the
modules. Additional input may be called for during the
running by the simple statement, READ. At this point, any
desired data may be input or changed.

R A e s R s Rt

[

I i

Output of Data

IR

Output is also extremely simple. All that is required is the
simple statement PRINT, followed by a list of the variables.
On output each quantity is automatically identified.

i

The input and nutput procedures are esvecially ccnvenientc
when compared to more formal languages, like FORTRAN, where
typically many programming hours are spent deciding on all
the inout options and output formats.

TR i G e 3

Checks

Because of the free form of computation allowed, it is
necessary for the program to include a number of built-in

, automatic checks. If a variable used in an equation has

- not been previously input or calcul:ted, a warring messzge
is printed. If it is necessary to extrapolate during a

: table look Jp, a warning message is also printed. If the

. equations i1in a module cannot be evaluated in the order pre-
sented, they are automatically rearranged and an error is
indicated if appropriate.
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USERS RULES

The rules for using ZODIAC II are quite simple, and all one
needs to know is spercified in detail in the following pages.
In some cases comments meant for FORTRAN programmers are
included in parenthesis. These comments should be ignored
by engineers not familiar with FORTRAN. There are a few
definitions required prior to discussion of the allowable
statements:

Statement - meaningful (to the computer) contents of
a punched card

Variable - an algebraic guantity whose rame has from
1-4 letters or numbers, the first of which
must be a letter. Examples: A, QMR, B123,
A7L6. If the variable is common (see
below) its name may be preceded bv a S.

Constant - a number. It may be positive or neagative,
it may or may not have a decimal, and it
may contain an exponential. Examples: 12,
15.7, 1.73E-5(= 1.73 x 1072), 6.54E16,
2E10.

The followina codes are used in the followinag sections.

v I variable

¢ = constant
vc I variable or constant
n  name

Capital letters indicate precise wcrds required as part of
the statement. Blanks are ignored and may be used anvplace
on cards for clarity (with the sinale exception of input
table data).

All statements may be followed by comments on the same card
provided a semicolon (11-8-6 punch) is used to separate the

two.
There zre three aroups of statements: Control Module State-

ments, Module Statenents, and Data Statements. These will be
discussed separately.
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Control Module Statements

The contrcl module is used to specify the order of computation
and includes the major logic of the simulation. Unless other-
wise instructed the sti.tements are carried out in the order
shown. The 2llowable statements are listed and then
described i mediately foli-wing.
- RN MOD n
v = simple exoressiacn
POINT n

ITERATE ON v, ATOL = vc, PTOL = vc, TIMES = ¢, FROM n

COMMON v, v, V...

(LT}
IF vc IS EQ vec, GO TO n
{GT)

GG TO n

READ

PRINT v, Vv, V...

RUN MOD n (1-20 characters) - This statement causes the
named mocdule to b2 run. The name specified must also
appear on a Module Name statement in the module which

is to be run. {This is similar to a call statement in
FCRTRAN, but no araurment list is used.)

v = simple expression ~ This statement is used to
perform simple arithmetic in the control module. A
simple exoressicn is one which involves addition or
subtraction of two terms, or a single term. The
two forms wh.ch this tyspe ctatement can have ar
shown bolow.

V=VC'ﬁ‘.’C

S A2 R U A LSRN b AP A

v ve

Point = n - This statement specifies a point in the

control module which mav be refe.cnced by an ITERATE,

IF or GO TO statement. The point name svecified must
= follow the same rules as a variable name and it may

not appear in the control module as a variable rame.
Its use will be ciear when the mentioned statem nts
are discussed.
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ITERATE ON v, ATCL = vc, PTOL = vec, TIMES = ¢, FROM 1 -
This causes the program to iterate on the statements
which are located between the FOINT specified by FROM n
and the iterate statement. Iteration will continue
until two successive values of the variable specified
by ON v are within the limits set by ATOL or PTOL or
until the number of iterations exceeds the amount
specified by TIMES. The details for each specification
are as follows.

ON v - The variable which is specified is the wvariable
on which iteration will occur. This specification is
opt.onal, if it is omitted the computations will be
repeated the number of tines specified by TIMES.

ATOL = vc, PTOL = vc - Both ATOL and PTOL are us.d as
a test for convergence of the variable spacified in the
ON specification. ATCL i3 ar absolute tolerance and
PTOL is a percent tolerance. Both ATOL and PTOL are
optional, but both are omitted, PTOL is set equal to
5 percent. For convergence, one or botn of the
following must be true:

lv. - v. ,| < aToL
1 1-x

and/or }v. - V. }
100 —2 -1 . ppop,

™

Note that PTOL is put in in percent not decimal.

TIMES = ¢ - This specification is used %o specify the
maximum number of iterations to be allowed. If con-
vergence is not obtained before the number specified
ky TIMES is exceeded, iteration stops ané an error
message is printed out.

FROM = n - This specifies from which POINT in the
program iteration is to occur. The point name
specified must be on a POINT statement which must
precede the ITERATE statement.
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COMMON v, v, Vv - A COMMON statement is used to =specify
variables which are used in other modules. The order
in which variab.es appear on the card is not important,
but the variabl: name must be the <ame in both modules.
A $ preceding a variable name has the same effect as
placing the variable name in a COMMON statement. A
common statement must appear in a module before any of
the variables >n it are used. This statement is nor-

. mally placed at the beginning of the module. Each card
may contain ur to 40 variables. As many COMMON ca.ds
as necessary nay be used. (As distinguished from
FORTRAN the o:der of the names is immaterial, only the
names themselves are important.)

TP T e

(LT)
IF vc IS EQ vc, GO TO n - In this statement a test is
{GT)
made to determine if the lef: variable or constant is
less than (L.T), equal tco (EQ), or greater than (GT) the
right variable or constant. If the statement is found to
te true, the1 the module branches to POINT n. If the
statement is not true, the next statement following the
IF statemert is execnted.

R

GO TO n - 'This statem=nt causes a branch to POINT n.

The next computation to be performed immediately follows
the POINT n. Note that a GO TO should be followed bv a
POINT statement or be at the end of the module since
there is no way of getting to a statement which follows
a GO TO unless it is a POINT statement.

READ - This statement will cause data %o be read into
the next module before it is run. The rules for the
data statements are specified elsewhere. (No specifica-
tion is made as to what or how much data is to be read,
this is defined on the input caris.)

PRINT v, v, v - This ctatement causes the values of the
variables to be printed and identified in a standard
format, five to the line.

T T P T

>
t

Module Statements

The module contains primarily computation and a minimum of
logical instructions. The allowable statements and their
descriptions are as follows:
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MODULE NAME = n

v = general expression

Vv

n

TABLE table name (vc, vc, vec)

ITERATE ON v, ATOL = v¢, PTOL = vc, TIMES = ¢
INITIALIZE v = ¢, Vv = C
COMMON v, v, V...
(LT)
IF VC IS EQ vc, vc = general exgression
(GT)

PRINT v, v, Vv

NO ORDER

MODULE NAME = n - Thirf statement gives a name to th
module. Every modul » must contain this statement.
The name can consist of from 1 to 20 alvhanumeric
characters. This caid is usually the first one in a
module but it can be placed anvwhere.

v = general expression - This is the basic statement
and as such, there is a whole section devoted to it
But a few rules are: the minimum reguirements are a
variable, an equals sign and either variable or

a ccnstant. Usually, the general expression is any
algebraic exoression which conforms to standard mathe-
matical usage and consists of addition, subtraction,
multiplication, division, and exoonentiation. See the
section titled Svntax Rules for Expressions.

v = TABLE table name (vz, vc, vc) - This statement is
used for table look up. Up to three arguments are
allowed but only one is necessary. The number of
arguments must coincide with the size of the table.

The value returned is a result of¥ a linear intervolation.

When an argument exceeds the limits of a table, a
warning message is printed. The les for a table naiwe
are the same as for a variable. 1 tables are
essentiaily in COMMON and thus can be sharecé bv all
mocules.

P LT

y

o U A A b A S N

A

AN 0 R Ut D o LA

AR

i i 1 0l st S 1




Sty

TR

TR e

BITH A

m
P D e

AT AT

i

it el o

A A s A

I il
O T A e G

ITERATE ON v, ATOL = vc, PTOL = vc, TIMES = ¢ - This
statement is the same as used in the Control Module
with the single and very important exception of the
absence of thc FROM specification. In a module the
whole module is iterated upon exceot the INITIALIZE
statement. The location of this statement in the
module is not importaat.

INITIALIZE v = ¢, V = ¢c...up to 17 variables ver card -

The initialize statement may be used in a module which

contains an ITERATE statement. Before the first itera-
tion the variables specified a2re initialized to the

specified values.

-
+

COMMON v, v, v... - This statement is used to designate
variables 'h ch are used in or come frcm other modules.
are the same as for the Control Module state-
rent Xote that only variables which are used in the
4~

ment.
module need to be listed and that the order is not
significant.
{LT)
IF vc IS EQ vc, v = general exoression - This statement
{GT)

is similar to the IF statement of the Control Module

except that a general algebraic statenent is evaluated
the logical statement is true. This statement is

ften used for limiting conditions: for examole, a

tall limit micht be imposed by the followinc statements

VMAX = TABLE VEL (POW, FOW)
IF VMAX IS GT VSTL, VMAX = VSTL

whi

hich savs that VMAX will not ba c¢reater than VSTL

PRINT v, v

, V... — up to 40 variables pcr card - The
statement is the same as above except that recardlecss
of where it is located in the module the data is not
printed until the module hzs been run.

NO ORDEZR - Normally a module is run with the statements
in the same order as they were read, ané if the
sequence must be changed an error massage i
This statement allcws the sequence to be chan
prcéucing an error message.
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Data Statements

Data can be entered following any of the modules (including
the Control Module) when the model is first loaded into the
computer. This is done with no special instruction. For
data to be read by a module during the running of the program,
the RUN MOD n statement is preceded by a READ statement. At
no time does the user have to specify in the model how much
or what data is to be read.

for input of variables the following form is used on the
cards:

v=¢, V=¢C, V=C...
There may be up to twenty variables oper card. The commas are

reguired to separate the statements. The following examole
is an illustration of two cards cf data.

ALT = 2000, OAT = 35., GW = 10,000
DL = 8.5, VRC = 500.

Only variables which are referred to in a module (or in its
COMMON statement) may be entered.

Input of tables requires somewhat more care. The first card
must be of the form:

TABLE NAME = n, SIZE = (¢, c, c)

This statement is used to assign a name to a table and to
define its size. This statement must be followed by the data
fer the table. The name must conform to the same rules as a
variable name. The size neeé only contain the number of
arguments needed to specify the array size; for instance, if
a2 table has 10 "x" values and 3 "y" values, the size would

be (10,3). The order in which the data is input is given

-~

below. The data cards are of the form:
cC €c ¢ ¢C

Each card contains up to 8 constants. This form is used
only for table dataz input. This card is the only cpe with

a specific format. Each constant must be contained in a
field of 10 columns, 1-10, 11-20, etc. Each constant must
also contain a decimal point. Otherwise the rules are the
same as for a normal constant. The order in which the Zata
is input will now be described. ¥, y and z corresoond to the
first. second and third arguments in a v = TABLE nl(x,y,z)

N B
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statement. Consider a TABLE NAME statement with SIZE =

(i, 5, k). The first thing to be input would be i values

of x followed by j values of y and then k values of z. Then
the table is read in with the first index varying first,
then the second, then the third. That is, the elements of

a (3,4) table would be read in this order: (1,1), (2,1),
(3,1), (1,2), (2,2),... A new card must be started whenever
one of the indices returns to 1. The values of x, ¥, Zz must
be in ascending order. They may be positive or negative and
the increments need not be constanc.

The followi
values and

"

ng is an example of a tabkle which has three x
four y values.

1

5 2.6 3.4 5.8
2.5 2.1 3.2 5.5
B 1 1. 2.85 5.4

L)

}*)

L]

O W

3.0

w
0
n

0 10 20
X
The data cards would be as follows:

t Contents Comments

[#))

Car

1 TABLE NA¥ME = EXMP, SIZE = (3, 4}

= 2 ] 1¢.0 20.0 x values
i 3 G 1.0 2.5 5.0 Yy values
% 4 2.0 3.9 5.3

; 5 1.9 2.83 5.4

E 6 2.1 3.2 5.5 T

j 7 2.8 3.4 5.8
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SYNTAX RULES FOR EXPRZSSION

n

The rules for general exrressions are essent

ially the sarme
as for any algebraic expression (ané are coroatible with
FORTRAN). Two things toc keep in mind are that for multiplica-

tion, the multiplicaticn operacor mus
variables, and since ecuations are wri
parentheses are sometimes reguireé wh

There are five operations which are allowed, the o©

zng their sv:be*s are as follows:
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There are two other rvmbols which are alloweé in a2 ceneral
expression. They are left ané richt parentheses which ars
used for associations and must be used In pairs.

The following are the rules for

general exoressions fthese
are a formalization of ordinarv algebraic fcrm}:

1. All variables and constants
must be ureceded by an onera:
parenthesis. The {1 v
left parenthes:is Or

= -

2. £11 wvariab les adé constants, exceut the last,;

3. A left parenthesis must be preceded by a left
parenthesis or an ode.ator unless it is the
first symbol in the expression, iz which Case
it may be oreceded by a sicn.

4. A left parenthesis must be followed by a left
_ nthesis, » -rar:iazls, 3 T3nETEnI, LT OB
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A right parenthesis must be preceded by a right

parenthesis, a variable, or a constant.

A right parenthesis must, unless it is the last
symbol on the card, be followed by a right
parenthesis or an operator.

7. An operator must be preceded by a variabhle or a
riqht parenthesics.

8. An operator must be followed by a left parenthesis
or a varianble,.

K, The following are examples of general expressicns which
3 conform to the rules.

3 A+ R
A*B + C**D

2 (A + B)**1 3 + (2*(3 + B - C))**(2*K)
(A + B+ C)Y/(D+ E + F)
¥ {TIM + PHSE)* PIE*2
(((X + 3)Y*6 + 2)*B + C)**.,5
3 6*A + 2*B + 5/C
The order in which overations are performed are:
e 1. Exponentiation
. Multiplication and Division

3. Adcdition and Subtraction
The order of evaluation is from left to right, with paren-
thetical expressions being evaluated first and then the
e¥pression as a whole. Note that the division operator

applies only to the variable or parenthetical expression
immediately following it, i.e.,

<)
)

01
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PROGRAM OPERATION

The first deck to be lcaded must be the control module. This
is fullowed by any appropriate data. Then the individual
modules are loaded, each optionally followed by a block of
data. These modules may be loaded in any order. The order
in which they are used is solely determined by the statements
»f the control module. After the last module is input,
appropriate blocks of data follow in the order in which they

will be called by READ statements during execution of the
program.

i et
Gt

Each of the above units must be separated by an "end-of-file"
card which contains an /* in columns 1 and 2. Thus the input
deck will appear as follows:

(Control Module})

(Module)
/*

ZLast Module)
/*
(Data)
/*

/*
(Data!
/*
(Data)
/%

=
]
ES

Data input is assumed aftec each mecdule. Even if no data
are entered then the two /* cards must still appear:

it

{(Module)
*

/
/*
{(Module)

%
=3
3
=
o
1
2
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After the last module is entered, two /* cards instruct the
computer to start running the model. If the last module is
not followed by input data, then:

kodule)
/*
/*
/*

PROGRAM LIMITATIONS

The following limits exist in the present version of
ZODIAC II.

Common variables - 200 maximum

Noncommon variables - 200 maximum in a module
Constaats - 200 maximum in a module
Eguations - 100 maximum in a module
Tables - 20 maximum

Modules - 30 maximum

Iterate statements - 4 maximum in a module

Constants may not contain more than fifteen characters.

ERROR CODES

During operation of the program, certain wviolations of rules
or apparent violations of logic may occur. When this happens

a coded error message is printed. The codes are given in
Table IX.




TABLE IX. ERROR CODES

Code

Meaning

10
11
12
13
14
15

17

18
19

20

Number of common variables exceeds 200
Number of constants exceeds 200 in module
Number of eguations exceeds 100 in module
Missing parenthesis

"=" missing or incorrectly placed

Name length on data card too 1long
Constant exceeds 15 characters

Number of ncencommon variables excceds 200
Undefined variable in mcdule

Equations reordered - poss.ble error
Name of argument in table lookup too long
More than 3 arguments in a table lookup
Invalid character

Incorrect symbol

" "

More than one "=" on card

Undefined "FROM" on iterate card
No name on a MODULE NAME card
Incorrect argqument on [F card

Incorrect operation on IF card

in module




TABLE IX - Continued

Code

Meaning

21
22
23

24

26
27
28
29
30
31
32
33

34

Incorrect format on IF card
More than 4 ITERATE statements in a module

More than 30 modules

Illegal command

Number cf iteration exceeds allowed number

Illegal statement in control module

More than 20 tables

Number of arquments in a table lookup is inconsistent
Table lookup reguires extrapolation

Error on table input

More than 18 variables initialized in module

Invalid operator on a control module card

Name too long

Undefined variable in control module

In general, the program will continue to run even though
errors are found. Invalid variables are ignored and other
assumptions are made which will allow the completion of the
computation. Care must be exercised since some computations
with errors willi be valid, some will be completely invalid,
and some will have limited meaning. This approach, however,
is expected to minimize the time required to verify a program.

The only error which will terminate a run is no. 34.
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SUGGESTIONS FOR THE NEW USER

Gaining Experience

A gocd way for the new user of ZODIAC II to gain familiaritv
with the usage of the program is to first modify existing

models, rather than attempting to develop a complete new
analytical model.

Changes within ind:ividual modules corresponding to missicn
definition changes, effectiveness criteria, statistical
weight analysis, etc., are especially straightforward. 1t

is recommended that each equation be identified by making use
of the comment capability on each card.

A next step in the familiarization process would be to add or

delete modules and make the appropriate chanaes in the con-
trol module statements.

Making changes in the logic within the modules and esvecially
in the control module will ccmplete the process of familiari-
zation. While these modifications are beina verformed,

computer runs using various combinations of data variations
should be conducted.

User Techniques

One cf the major objectives of ZODIAC II was to make the
model formulation virtually self-exwlanatory to thc
engineerina useir. This has been achieved providina the user
does not artifically complicate his model by allowing
numerous artificial choices between options, onlv one cf
which will be used at one time. For example, it would be
tempting to a conventional nroqrammer, when developina a
module to estimate drag, to include the relationship for all
the types of helicopters and selecting the anpropriate one by
a coded input such as "1" = cargo helicopter, "2" = utility
helicopter, etc. This kind of programming is to be dis-
couraged because it tends to obscure the analvtical model.

It is strongly suggested that, when analyzira different
helicopters, the proper equations are placed in the proper
modules. These changes are easy to make and the enaineer
will always know what model he was usinag. This, of course,
is the objective of this proaram.
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One of the great advantages of this rrogram is that computa-
tions can be easily performed that vwere not envisioned by the
criginal programmer. It is suggested that the encineerina
users do not he.:itate to increase the sophistication of the
computations by adding new modules, mcdifying old ones, using
new types of data.

Ancther advantage of this program is that it is oossible to

. vary any parameters without having made prior provision in
the basic program. For example, suppose it were desired to
study several combinations c¢f number produced (NP), monthly
flight hours (MFH) and yearly attrition rate (YAR). 1In this
case the control module could be preceded by a POINT and READ
statement and followed by a PRINT and an ITERATE staterment
as follows:

POINT NEW
READ

Original control module

PRINT NP, YAR, MFH
ITERATE TIMES = 10, FROM NEW

This will cause data to be read in ten times and the complete
computation repeated. In readina data, note that the last
used values are in effect until a2 new value is computed or
read in as data. Thus, the data package following this
modified oroaram could be as follows:

/*
/* (end of model input)

NP = 1C0C, YAR = 0, MFH = 100
/*
MFH
/t
YAR
= /*
= YAR
/t
NP = 300
/t
YAR
/t

L =2
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Thus, it is seen that by adding the few cards shown above,
it is possible for the engineer to vary any parameters he
wishes and in any manner he wishes.

There is an area where the user must use some caution. It
was intentional in the design of 2ZODI2ZC II that no arqument
list be used (as in FORTRAN), and that all interchange of
data between modules be carried out through the common
variables. This technique helps to minimize the risk of
making local changes in modules. However, if the same module
is used at more than one point in the control module, some
of the same variables will chance their values more than
once during the computation. This is no problem unless it
is desired to use one of the results of an earlv use of a
module after the module has been run acain. The same effect
occurs if the same variable is computed in different mcdules.
For example, consider the computation of fuel load, WFL, at
different points in a mission where each seament makes a
computation of the form WFL = WFL + DELTA.

RUN MOD TAKE OFF

RUN MOD CLIMB
RUN MOD CRUISE

If it is desired o know at some later point the fuel used
after takeoff but before climb, this can be accomnlished bv

naming a new variable and insertinc the simole eaquation as
follows:

RUN MOD TAKE OFF
WFLO = WFL

RUN MOD CLIMB

etc

WFLO will retain its value as desired. WFL must be in a
COMMON statement in the control module.

Technigues such as sucgested above will be found to bhe
readily picked up by engineers without any conventional
programming experience in a short time.
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METHOD APPLICATIONS

UTILITY MISSION

As an application of the techniques and conputer program
discussed, a number of conditions have been analyzed. Most
of the data presented here is for the utility mission as

. described in Tables I and II. In addition to the data
discussed previously, the followino parametcrs have been
used in these computations:

NP (no. of ship produced) = 1000

YAR (yearly attrition rate) = 40

SL (system life) = 19 years

WCR (crew weight) = 400 1b

MFH (average monthly flight hours) = 100 hr
M (power margin) = 5 percent

NEN (number »f engines) = 2

DL (disk loadirg) = 8 1b/ft?

TS (main rotor tip speed) = 700 ft/sec

BL (blade loading) = 80 1b/ft2

NRM (no. of main rotor blades) = 4

SM {airspeed marqin to stall) = 10 kt
RCP (fuel reserve) = 10 percent

The first design point was taken as 4000 f£t, 95°F, 500 ft/sec
rate of climb. "Current” SFC data was used (See Figure 3).

For the statistical weight analysis the following assumptions
were made (see Table III):

AG = 1 (no. of auxiliary landing gears)
= 1 (blade foldinc included)

= 1 (main rotor brake included)

ITR = 1 (intermediate tail rotor gearbox included)

KLG .0329 (tricycle landinag gear)

KNAC = .96 (nacelle for twin engines mounted to
transmission)

¥R = 1 (no. of ma2ls rotors)

RULT = 4.5 {ultimate load factors)

TAF 13 (type of aft fuselage (see Table III))

TPU = 0 (no auxiliary power unit)
TPY = 62 (tvpe of pvlen configquration {see Table III))

AL L Al

The ground rules used are as follows:
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1. The disc loading at the seccnd design point is the

sane as for a single-point design helicopter. This

results in a reduced disc loading at the first
design point for the two-point design helicopter.

2. The rate of climb specified for the single-point
design helicoptcr is also obtained for both the

second and first design points of the twc-point
design helicopter.

3. The "probability of hover" calculation includes
the reguirement to achiewve the above vertical
rate of climb.

4. All desians include the fuel 1load required for the
standard mission.

The second design points studiz2d included all combinations
of altitude from G to 4G0C £t in increments of 1600 £t and
temceratures from 20°C to 35°C in increments of 5°C.

"y

ayload Utilization

A payload utilization function was used as follows:
Payload

{2 of 2nd Point Pavlcad) § Utilization

40 1s
60 s
80 30
100 25
110 5

Weight Variation

The variation of the gross weight
helicopters is shown in Figure 19
altitude and design terperature.

e two-point desicn
combinations of design
is figure shows the
gross weight at puiri (wo, which is the maximum gross weicht
at the second design point making use of all the
able at this condition. At “h
hover and carry out the specif
{500 ft/sec).

£, the helicopter can
2d vertical rate of climb

power avail-
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Also shown in Fiqure 19 is the resulting gross weight at
point one, that is, with the mission payload. The changes
in these weights are due to the changes in empty weight and
mission fuel requirements. The gross weight at the second

s s

design point includes, in addition, the increased payload.

Figure 20 illustrates the pavload capabili
the second design point. Note that at poi
mission payvload applies to ali sccond desi

y as a func:ion of
t one, the standard
gn points.

Engine and Transmission Ra

ey
Th

ngs

Figure 21 illustrates the effect of second~point desiagn

selection cn transmission limits. As the second-point design E
tenperature and altitude are reduced, the engine power avail- 4
able at the second design point ir increased. The trans- g
mission rating is increased to match this power lewel, and |
the engine is derated less and less. %
Figure 21 also indicates an 2ffect of second-design point §
conditions on required power rating. This is a second ry %
effect and results from empty weight changas as the second- E
design point capability is added to the helicopter. As the %
second-design point temperature or altitude are decreased, %
the empty weight increases, and the first design point %
reguirements can no longer be met with the single-point :
design engine. §
Cost Variation %
The computed cost per flight hour is shown in Figure 22 for %
several payloads. This cost includes initial costs which g
are primarily a function of empty we:gh:t and operating costs E|
which reflect the effect of the ratio of actual gross weight g
to design (second point; gross weight. For smail payloads E
the costs are only slightly sensitive to the seconé design 8
point; however, as the pavlcad increases this sensitivity g
also increases. This figure shows typical data ohtained. %
dover Probability

I tiative joint probability of hover is an oxtremely

i t factor in the overall cost effectiveness computa-

t t is a factor which is vary sens:itizse 10 the assumed
environmental operating condiniens of the helicepter. It is
also & guantity which tends tn reduce the cost effectiveness
of asze‘striagént design conditions. As an illustration of
this effect, at a2 100-percent paylecad condition the single-
design point helicopter can hover (a2né ciisb} 34 percent of
tha gi e. That i1s, B4 percent ¢f the time $ 1o environmental
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conditions can be expected to be less stringent than 4000 ft,
35°C. However, a single-point helicopter designed for 2000
ft, 25°C, for example, will be able to hover with its design
payload only 34 percent of the time since over much less of
the area and time will the operating conditions be less
stringent than this design point. Of course, the two-point
design helicopter will be carrying larger payloads so there
is a rather delicate balance between these two factors.
Figure 23 (a-d) presents the probability of hover obtained.

I

T, ety

e

i

Overall Cost Effectiveness

e

The final results, including the effects cr assumed paylcad
vrariation, costs, and hover probability, are given in Figure
Z4. It is seen that local peaks occur at certiin tempera-
tures. The optimum point calculated appears to be at 4000 ft,
20°C representing about a 1l0-percent increase in cost
effectiveness compared to the single-point design.

o)

This "optimum" helicopter has an incraased design gross
weight of about 15 percent and an increased paylozd at the
second design point of aboat 49 vercent.

TG o

It must be emphasized, however, that these results are
sensitive to the predefined mission, assumed number of
production units, assumed payload utilization, environmental
statistics, and numerous other factors which will vary with
the particular requirements for ::. vehicle under study.

WEIGHT SENSITIVITY

One of the most significant portions of the analytical model
is the statistical weight model. 1In order to gain some in-
sight into the sensitivity to the empty weight, some of the
previous computations were repeated with an arbitrary 20-
percent increase in pradicted empty weight. Fo: comparative
purposes the payloads are shown in Figure 25. A comparison
of the cost per hour is shown in Figure 26.

The change in probability of hover with increased weight is
interesting. At payloads beiow 100 parcent, the heavier
helicopter has lower probability of hoverina. At 100 vercent
payload (note that the paylcads are not the same), the
probabilities are equal. At over 100 percent the heavier
helicopter has increased probability of hover. This effect
is illustrated in Figure 27 for 25°C. The effect is the same
at other temperatures.
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The overall cost effectiveness is shown in Figure 28. While
the effectiveness is raduced because of increased costs and
reduced probability of hover (for 70 perxcent of the time), the
curves have very similar shapes.

PAYLOAD UTILIZATION EFFECTS

The previous analysis used a payload distribution based on
percentages of tne maximum. This implies that the size of
the payload will always depend on the capability of the
helicopter. At the opposite extreme is the concept of
missions having no relationship to the maximum capability of
the helicopter but having a requirement for the transportation
of specific payloads. To consider the effect of such a
payload distribution the same schedule of payload was used,
excent that the payload was a percentage of the fixed first
point design payload rather than the variable sacond point
payload.

wWhile the first approach resulted in a highly loaded heli-
copter, this approach results in lightly loaded helicopters.
In general, the probability of hover 1s significantly in-
creased and the costs are reduced because of reduced
maintenance. Since the same payloads are carried at reduced
operating costs, the cost effectiveness tends to increase at
the morxe stringent design points. This effect is illustrated
in Figure 29. Note that the data of Figquras 19 and 20 also
apply to this ccndition.

This result, in efifect. says that for a given fixed payload,
the larger the helicopter the less the cost will be because
the reduced unscheduled maintenance is the dominating factcr.
This appears unrealistic and suggests a flaw in the cost
rmodel.

In actuality, a distribution which is partially fixed and

partly dependent on the helicopter's capability is probably
more realistic. If we take as ain example a 50-percent mix
of the two types discussed, the curves on Figure 2% are the
result. A comparison of the curves of Figur~ 29 and Figure
24 illustraies how sensitive the optimization can be to the
predicted payload schedule.
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GUNSHIP

Sample computations were carried out for the Gunship Mission.

The input is the same as for tne Utility Mission except as
follows:

DL (Disc Loading) = 9 1b/ft?,

BL {(Blade Loading) = 90 1b/ft

TAF = 15 (See Table III)
TPY =

14 (See Table III)

The gross weights and the overall cost effectiveness results
for 35°C are shown in Figures 30 and 31.

CKANE

Computations for the Crane Mission were performed for the
mission as described in Tables I and II. The input is the
same as for the utility ship except for the following:

NEN (no. of enqgines) = 4

DL (disc loading) = 9 1lb/ft
TS (tip speed) = 750 ft/sec
NMR (no. of main rotor blades) = 6
BL (blade loading) = 90 1b/ft<

ITR = 0 (See Table III)

KLG = .0405 (See Table TII)

KNAC = 2.26 {See Table III)

2

TAF = 10 (See Table III)
TPU = 1 (See Table III)
TPY = 25 (See Table III)

The gross weights and payloads and the overall cost effective-
ness are shown on Figures 32 and 33.

TRANSPORT

The results of a sample run of the transport model are pre-
sented in Figure 34. The mission for the transport is
described in Tables I and II. The transport model differs
from the Utility in the following manner:
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TAF
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¥LG

OBSERVATION

ITR
BRK
TAF
TPY
KLG

tion considerations.
used instead of payload. The mission
ship is contained in Tables I and II.
from the Utility Model is as follows:

DL (disc l~ading) = 9 1b/ft2
NMR (no. of blades) = 5
NEN (no. of engines) = 4

9 (See Table III)
45 (See Tabie III)
.0247 (See Table II1)

= 2 (See Table III)
iAC = 2.26 (See Taktle III)
U = 1 (See Table III)

The Observarinn Model differs from Utiliety in a very basic
manner. Instead of increasing the payload at the second
design point, the loiter time was increased. The cost
effectiveness portion of the model is simplified considerably
since there are no probability of hover or payload distribu-
For cost effectiveness loiter time is

DL (disc loading) = 4 lb/ft2
TS (tip speed) = 650 ft/sec
BF = 0

{See Table III)
0 (See Table III)
0 (See Table III)
10 (See Table III)
25 (See Table III)
.0157 (See Table III)

AG = 0 (See Table I1I)
KNAL = 1.19 (See Table III)

The cost effectiveness results of a run of the Observation
model are shown in Figure 35.
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CONCLUSIONS

An analytical model has been assembled capable of

evaluating the effects of a second design point for
helicopters.

A computer program has been developed which is capable
of implementing the solution of these analytical models.

It has been shown that optimization points may be
obtained that are quite sensitive to several factors.
Two of the most important are the assumed payload

utilization statistics and the assumed operating
environment.

The analvtical models developed apprear to cenerally
give rational results. There are areas, however, where
improvements may be made. One of the most worthwhile
areas for improvement is the cost model.

The objective of this project has been achieved:
development of a method which cai: be used to provide
an insight into two-point decign criteria and whica
is capable <f seslecting criteria which will improve
helicopter productivity and cost effectieness.
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APPENDIX I
ZODIAC II PRCGRAM LISTING

- = - = — - . e m e e e e — e ——— ———

IMPLICIT INTEGERIA-U),REALIVY-L} 202 1
CEFINE FILE 4(1000,102,U,FI&4} 202__ 2
T LEFIKE FILE S5(101,20,U.F3SY - — T T Ic2 3
CEFINE FILZ &(2),505,L.F16]) 2p2 4
INTECER®2 EQULILCC,1C,4),PRTILSTISC) 182_ S,____
T COFRCK /BUG/ DESUG Tt T 02 6
COYPLN 7M3C7 VARARY{62C) RAPARYIAN0) ,ECU,PRILST D2 7
COMMOK FCO¥MRYS STPLOM,STIREG.STPREG,LOM(200) ZCZ_ !_
CommgN /GENZ ALBET(SC) - T T 282 9
CIMENSION FODNAR{S) 202 10
STPCCKH = 200 Itz 11
SYTREG = 2C1 - ’ ) - - Zee 1<
SIPREG ~ %00 b2 13
catL INIT 202 14
TTUCALL MAINIA =TT T T T T TTTT T T e 15 T
£ALL CATAIA Ice 1t
CRLL MANSETY 102 17
TTTIF ICE3LG LEO0. 17 CALU PRNYITIIY T T T T T - — 7182 18
100 CaLL P25 IiNIN,MCONAN,MCONUP) It2 18
JFE{%.EQ.C) GO 10 110 ) L2 26
TTTCALL CATALA - - T i T oz 21
IF (CEBUG .EQ. 1) CALL PRNTOT(1) 2 22
CaLL STICMOC(PLONAN,KCONUN) 12 22
- Ta 16 1C¢C T T - - 2027 28
110 CALL MAINRN mz 25
CALL ERNQRIO) n2 26
T CALL EXIT ) - T - - 8221
ERD 102 28
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SUBROLTIRE INIT INT 1
- IWPLICIT INTEGER(A-U)REALIV-]Z) INY 2
T TTINTEGER®Y EQUII0C10,4),PRTLETISSY - - i TINT T 3
COnmEy JGEKRJ ALBET(SO) Nt &
COMMOR MO0/ VARARVIL2C) (AAPARY{4CD) ,EQU,PRTLSY INt S
T TOFrCK 7COPPNS STPCOM,STTREG, STPRES,.COM1200) Ist— &
CORmEN 77437 T2u0120.2) Ixt 7
CIMENSION LBET(SO) InT &
T TEBATA CLBEY se= « = TY T & 7% € ¢ 1 . S INt §
: 2 7 .3 S & 3 2 H ] b4 Y X ¥ VvV ¥ 7 INY 1
8 s -4 e 14 c N " 1 8 L 3 J 1 H G | 3 E c € IsT 11
—T B8 A 7 -t T T T — IST 12
€5 18C 1 = 1,420 1I8MT 13
100 vamRaRY{l}] = 0O 1181 1s
TTTLBETE2Y = 21C1382752° 0 T T oTm= o« T T o INT 1%
LBETES) = (&£31£CC7C4 IST 15
CC 1101 = 1,50 1IK8Y 17
TYIO RMLBETELY = 8ET(I, T T T T - 1IxT  ta
ALy ITCHK(IG~-7) INT 1s
€O 1€ 1 = 1.,1C¢C 1Y 20
EC 122 3= 1,10 T T s T/ T TTTT T 2IAY 21
€6 13C K © 1,4 3187 22
TTTUTEQUILLIL1Y = -} T ) T TTT T T T T iuT 2%
£€C 132 1 = 1,400 1IAT 25
13C mamaayYi!) = & 1ix r{ 3
G 14€ 1 271,203 "~~~ — 77 - T I $ { S A 1
146 C(oniit = O 1I8T 22
ACNE = O isT 2%
- NE =Y T~ - T T T T T OImt T3
RRITE (Z%1) NONELONE =T 3
£C 150 1 = 1,20 IIATY 32
T T YABL{I, I EC T T = - I § £ 1 A
150 1aBL¢1,2) = ¢ PiNY 2
RETLRY =t 25
— E¥D — T ~ - - - - INT 3&

Yokt
Jowk
LT




SUBROUTINE ERROR(N) ERR 1

INYEGER®2 NER(10C) ERR 2

CATA T,NER7101807 ERR™ 3

IF(N .EQ. C)} GO T0 i1¢ - ERR &

WRITE (2,1CC) N ERR &

Y00 FORMAT {2(18(* GRROR ¢ T/15¢ | Eﬂh‘h”ﬂ“ﬁeek XL 7 2CI8T7 ERRON VI/7VF ERR 6

N - I =1 ¢ 1 ERR 7

; IF (1 .LE. 100 ) NER{I) = N ERR 8

TRETLRM T T B - ERR™ 9™

110 WRITE (3,120) (NER(J),d = 1,1) ERR 10

. 120 FORMAT (*1 SUMMARY OF ERRORS *¢/,4313/431371413) ERR 11
TTTTTTRETURN T = ERR 127

ENC ERR 13

o e . iy Wy i G5 i e, SO et .

xS asemmr ———— m—— - ——
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SUBROLTINE MODIN(NCARD,MOCNAoMNCNUN) EIN 1
IMPLICIT INTEGFR {A~U),REAL(V=2) EIN 2
T _COMMON" 7GERJ A3 DET(59) - - EINT 3 E
COMMON ZALL/ VLST{50) ,MUDNAM(30,5) EIN 4 %
INTEGER®2 EQUI10C,1C44),PRTLST(50) EIN 5 ;
= COMMCN /MOC/ VARARY{620) s NAMARY{ 4D0YEQUPRYLSY - - EIN™ & §
COMMCN /COMPMN/ STPCOM,STTREG.STPREG,LOM{2001 EIN 7 E
CIMENSION STAT(8C), NAME(4), TEM{B0),NVAR{16) EIN & 2
T CIMENSION ARG{40),MODNA(S) ~— . EINT 9 %
ACARD = 0 EIN 10 z
NOEQ = 100 EIN 11 g
LOTI00 177151007 " - - 1IEINTY27 |
00 1CC J = 1,10 2EIN 13 E
£0 1C0 K = 1,4 3EIN 14 i
YO0 EQUAL,UK) = 0T T 3EINTIS T E
EQUIL,1,41) = =} EIN 16 =
EQUI2,1,1) = -1 EIN 17 =
TTTTTTEQUILL1,4) =2 EINT18 =
£0 11C 1 = 1,400 1EIN 1§ 2
110 NAMARY(I} = O 1EIN 20 :
T80 7120 I =" STTREG,500 LEIN T 21 3
120 VARARY(I) = O 1EIN 22 E
LO 13C I = 1,50 1EIN 23 =
T T3I0PRTLESYL) 5°C 1EIN ™ 24 2
c EIN 25 ]
c READ SYATEMENTS IN EIN 26 £
(o - EIN 27 =
END =0 EIN 28 Z
140 READ(1,150,END=440) STAT EIN 29
TTYSO FORMAT(20A1) EIN 30
NCARLC = NCARD + 1 EIN 31
IF (NCARD .EQ. 1) WRITE (3,160} EIN 32
—IS80 FORMAT (*1"" 'EQUETIONSY) EIN— 33 -
IF (NCARD .EQ. 60) WRITE (3,170} EIN 34 :
170 FORMAT {*1  EQUATIONS CONT.*) . EIN 35
T RRITE(3,180) NCARD,STAT EIN""36
180 FORMAT{14,3X,80A1) EIN 37
€0 190 § = 1,80 1EIN  2¢
190 TEM(IY = C - T~ - TIEIN 39
c EIN 40
¢ REMOVE BLANKS AND COMMENTS EIN 41
- — e EIN™ &2
NCM = 0O EIN 43
€0 2C0 XK = 1,80 1EIN 44
T IF USTATIKY SEQ. ALBETISOYT  WCN ¥ T 1EIN 45 ~
200 IF (STATIK) EQ. ALBET{13) +OR. NCM .EQ. 1) STAT(K) = @ 1EIN &6
CALL RMVZER(STAT,L) EIN 47
~C " CHECK TYPE "OF STATEMENT EIN 48~
210 CALL COMND(STAT, [YP,ARG,ERR) EIN 49
IF LERR NE. 0) GO TO 140 EIN SU .
T IF TTYP LEC.T01 GO TO370 EIN 51~
IF {TYP .EC. 13) 6O 10 320 EIN S2
IF (1YP .EQ. 14} GO TO 140 EIN 53
T GU IO (22Ce2500250426C 326031805280, 1%03280, 270726052901, %YF ——  EIN""S4 )
c EIN S5
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c ITERATE STATEMENT EIN S6
c EIN 57
TTTTR220TRIT = EQUIL, L4V EIN Se
IF INIT JLE. 5) GO YO 230 EIN 59
CALL ERROR(22) EIN 60
TTTCO 10 140 CTTT T - EINTT 6L
230 EQU(1,NIT,1) = ARG(]) EIN €2
- EQUILINITo2) = ARG(3) EIN_ 63
T T 7 EQUELLNIT,33 = ARGI&) T TTEINT 64
EQU(1,NIT,4) = ARG(S) EIN &5
EQUC1,1,4) = NIT ¢ 1 EIN 66
- 60 To 140 ; - EIN 67
¢ EIN 68
c INGRCER STATEMENT EIN 69
-—c—— - T EINTT0 ™
240 EQU(1,1,3) =1 EIN 71
G0 TC 140 EIN 72
—c— " - T EINTI2T
c MODLLE NAME STATEMENT EIN 74
c EIN TS5
T 7250 CALL FDNAME(K,ARG) ™ TTTUEINT Y
EQUILel,l) = K EIN 77
MODNLM = K EIN 78
TTTTTTEOTC 140 T TEINT 79 T
c EIN 80
c ILLECAL COMMAND FOR MODULE EIN 21
T T - T EINT 82
260 CALL ERROR(24) EIN 83
) €O TC 140 EIN 384
—Cc T - - T EINTB8S ~
¢ FRINT STATEMENT EIN 86
c EIN 87
TTTT270 0O 280 1 = 1,400 T ’ 1IN g8 ~
280 PRILETLI) = ARGLI) 125N 89
EQUI1,10,1) = 1 EIN 90
T T T Co Yo 143 . — - EINT 91
c EIN 2
c IF - EXPRESSION STATEMENTY EIN 3
—c— I TEINTTG& T
290 €0 300 1 = 2,NOEQ 1EIN 95
NIF = | 1EIN Sé
TTTTTIF (EQUIT 1,1 LEQL OV GO TU 310 IEIN ~ 9T
300 CONTINUE 1€EIN S8
CALL ERROR(2) EIN <9
TTTTTTT(0 10 14C - — s EIN1CO™
310 EQUINIF,2,1) = -6 EIN 101
EQUINIF,242) = ARG(1) EIN 102
i T TTTTTEQUINIF,2,3) = ARGI3Y EIN1C2
EQUINIF,2,4) = ARG(2) EIN 104
GO 1o 370 EIN 105
- " - T T EIN ‘106~
i c TABLE LOOK uP EIN 1C?
_c e EIN 108
““320°C0 330 T = 1,100 1EIN 109
EQ = 1 1EIN 110
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IF {EQUlL,141) .EQ. O} GO TO 340

1€in 111

330 CONTINUE 1IN 112
T T CALL ERRORTU3Y - EINT1137
S0 10 140 ZIN 114

340 €O 35C I = 1e8 IEIN 115
TTOTUAVARIINTE G ) IeINT116"
IF (STAT(1) .EQ. ALBET(1)) GO YD 36C 18N 117

350 NVARI(I} = STAT(I) 1EIN 118
TTT360 CALL NAMINVAR,K) T EIN 1197
EQUIEQ.1,1) = -1 EIN 120
EQUIEC,1,2) = 3 EIN 121
TTTTTTEQUILEC, 144 = NCARDTT T T T T - ‘EIN 122
ECUIZCe2,1) = -2 EIN 123
EQUIEC,2+2) = «HG(3} EIN 124

T EQUIEQS,Ze2) = ARCGIL4A) - - TEIN 125
IF (ECU(EGQ,2+¢37 .EQ. 92 EQUIEQ,2,3} = 401 EIN 1246
EQUIEC.2+4) = K EIN 127
TTTTTTRVARLLY = ALBETI23-~ARGIZYY T - = TTEIN 128
NVARIZ) = C EIN 129

CALL NAMINVAR.K) EinN 138

TTEQUIEQ,3,E) = -8 i - T BIN 121
EQUIEQ, 2,2) = ARCG(S) EIN 122

IF (ARG(S5) .EQs 0) EQUIEQ.3,2) = 401 EiN 133

T T ECUILEC,3,3) = K Tt T EIN 134
EQUIECs344) = ARGIL} €IN 135

O 10 14C EIN 136

< C T T T T T T EIN 137
C SEARCHF OUT SYMBOLS AND NAMES EIN 138
c SYMBOLS ARE REPLACED BY THE FOLLOWING NUMBERS EIN 136
-Cc” d3m]y=-282=39/:~4 8825, (356417 g2=38" " EIn 140

c EiN 141
370 AP = } EIN 142

- TTTITETC T T T T o T e e e mm e e e TTTT O EIN 143
I ECi=12+1 EIN 144
390 IF{ I «6T. L ) GO TO 430 EIN 145
T T OIF(STATIIY JEQJALBEWBIY GO TQ 400 T T T T T YT T T T T EIN 146
IF § STATU]) oLV7. O OR. STAT(I) .EQ. ALBET {12)}) GO YIC 40C EIN 147

NARG = STAT(I) EIN 148

T T CALL SYMBOLINARG)Y ~ T - - T rroTmEmEsr oo ” T 7T EIN 149
IF (NERG .EQe =3 JAND. STAT(1¢1i .EQC. ALBET(7)) NARG =-5 EIN 150

IF (NARG +.£Qe. =5 .AND, STAT(1¢2) .EQ. ALBEY(S)) NARG = -9 EIN 151
TEMINP) =2 NARG ~ ——7 77—~ ~m—/—/ 7/~ T - EIN 1527

NP = NP+l EIN 153

IF (NAPGLEC. -5} Ixlel EIN 154

IF (NARG EQe =-9) I =1 ¢ 277" ——°°° o TTemT T EIN 155

€0 Y0 3&C EIN 156

400 DO 410 K = 1,16 1EIN 157
TTTRIUCRVARIKY = § 0T 1EIN 1587
K= EIN 158

NvB z 0 EIN 160
—=——TF {STAT{I} .GT. ALBETT28) JANDZ STATTI) LTS ALBET(IIT) NMB = I EIN 161 °

420 K = K + 1 EIN 162

AVAR{K)}=STATI(]) EIN 1é&3

—m—————1=l4Y} U T Tt T —_ EIN 164

IFISTAT(I) .EQ. ALBET(8)) GO TO 420 EIN 165
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IF (STAT(I). LY. © OR. STAT(I) .EQ. ALBET(12)) €0 7O 420 EIN 166

IF _(RVARIK) +EQ. ALBEV{45) <AND. NMB .EQ. 1) GO T8 420 EIN 167
TTTTTTTTTCALD NAMINVAR K ET EIN 16X
1EM (NP) = K EIN &8
NP=s NP ¢ 1 EIN 170

T 6OTT0 390 BIN 17T
430 CONTINUE EIN 172
CALL SETUP (TEM(NCARD} EIN 173

[ EIN 174
c PREPARE FOR NEXT STATEMENT OR RETURN E£IN 175
€0 10 140 EIN 176

T &40 RETURNTTTTC EIN 1777

END EIN 178

—— et = = e e - — o —




SUBROUTINE SYMBOL (N) sM8 L

INTEGER SYPM{8) s 2

T TATATTSYN e =T &7 7 T & %7 L3 N )

Cc SKg 4

c SMB S

T 1ot T =L 1537 . e

IF IN JNE. SYM(I)) GO TO 100 1SmMB 7

N= -] 1sS¥8 8
RETURN T 1S48 = 9
= 100 CONTINUE 1SM8 10
END SHB 11
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SUBRGLTINE NAN{N,X) Nam 1
IEPLICIT INTEGER(A~UJIREALIV-1} NAM 2_
TTTTTIRTEGER®2 EQUILOGCI10,4) ,PRTLSTISOYN T T T HAM T 3
LOMNMON /MCC7 VARARY(62:) 4KAMARY (400} 4EQU,PRTLST KAM 4

) COPFON 7COFRNZ STPCTPLTTREG+STPREG,COML200) Nam 5
T COMMON JGENS ALBETiS4s ’ NAFM T
DIMENSICN NI1S) KA 7

C NAM B8
< CHECK TO SEE IF N IS A NAME OR A CONSTANT. ~ —~ TRAM T 6T
< . NAM 10
IFIN{L).GE. ALBET(23) LAND. NU1} .NE. ALBET(8)) GO YO 180 NEp 11

[ - T STt T T T T NAM 12
c K 1S ) VARIABLE NAME KaM 13
c NAK 14
T U TCALL RARCHPINGNAPELNCY T T T T & o NAY U187
If (NC .EQ. O) GO TO 120 NAM 16

€0 1CC 1 = 31,S1PCOM INA® 17

T L =1 - T T T e INAM 18T
IF (CTMUL) JEQ. MAKE O, COMII) .EQ. O} GC 70 110 iAW 1S

100 CONTINU'E 1HNEM 20
T T T CALL EBRRTOR(1) )T /= T Tt st T - &M T 21
110 IF (CGMtLY .EQ. O) VARARY{L) = 123.459E-15 “qAM 22
COM(LY = NAME NAK 23

N AAMARY{LY = NANE NAM T 247
0 16 17¢C NAM 25

$20 €C 30 [ = 1,SYPL0NM ANAM 26

L =i Tt T INAMT 277

IF {NAMARYII) JEQ. NAME) GOTO 170 INAM 28

IF (oMl «EQs 0} GC TC 140 1INAM 29

T TI30 CONTiEnue T TTTET T INAMT 23
140 €O 15C 1 = STTIREG,400 INAM 3}

L =1 INAR 22

T T IR (MAMARY{Il EQ. NAMEY TOYD 1700 T INAM T 33
iF INAMARY:1) .£GQ, Gi ST ¥C 160 1NAR 34

150 C(GNTINUE 1NAR 35
T 7 {ALL ERROR {2} - -~ - —_— NAMT38 ™
160 AZMARYIL) = NAME NAM 37
VARARYIL) = 123,.49%QE-315% NAM 38
TIM0 R = L ) - Tt HAM ™ 26§
RETLAN NAN &40

c NAM 41
ST N IS A CONSTANT, — ‘NAM T 427
C NAM &3
1EC CALL NUMCMPIN,V) NAM 44
T L= el - NAM —4S"
IF ¢ ¥ .eC. 0) GC 10O 200 NAM &6

€0 1sC I = 402,6C0 INAM 47
“t=1 - - 1NAM ~ 43"

IF (VARARY{!} .EC. V) GO TCO 210 INAM 49

IF (VARARY(it .EQ. O} GO YO 200 INAM SO

T IS0 CONYINUE T T, e INANTS]™
CALL ERRORE2} NAM 52

200 VARZRY({L) = ¥ NaM  S3
TTAI0K =L T T T NAM T E4
RETLAN NAK 85

~
_ Ead NAM  S6
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SUBROUTINE SETUP(S,NCARD)

!
I

SET 1
_ IMPLICIT INTEGER (A-U),REAL{V~Z) SEY 2
T INTEGER#2 £QUIL00610,4),PRTLST(SOY SET 3
ILTEGER®2 TEM(40,4) SET 4
. ___ CO~ON /MOC/ VARARY(620) 4KAPARY(400) ,EQU,PRTLST SET S
COMMEN JGEN/ ALBET(SC) ~°° 7 - SET "6
CIMENSION S{B0),TEMI(80),TEN2{80) SET 7
100 AS =} ) SEY 8
TTIVAR = &03 S ————— — SET~ §°
o 11¢ I= 1l,.8C 1SET 10
110 TEM2{D) = 0 1SET 11
TEC 1261 = 1,40 Tt T h - TU1sET 12
0 12C J = 1.4 2587 12
_12C ML) = D 2SET 14
t - . T T T e i e : SET 15
[ FINC LOCATION FOR NEXT EQUATION SET 16
£ _ ) SET 17
5 130 1= 1,100 7 - T1SET 18
AE = 1 1SET 19
IF(ECLIT,1.1) LEC.O0) GO ¥C 140 1SET 20
TUTI30T CONTINUE - T - TTT T OASET 21
CALL ERROR(3) SET 22
¢ SEYT 23
T FIND INKERMOSY 3{7 OF PARKENTHESES TOSEY 24
¢ SET 25
140 APAR = © SET 26
- +NPAR = O CoTTT e o e -5 SR {
£0 15C 4= 1,80 1SET 28
IF (S1J) .EQ. ~6) N. 3 APAR ¢ 1 1SET 29
- TF [S(J) +EQ. ~T7TY NPAx T NPAR™= | "~ —— "~~~ - ISET 1)
IF {NPAR LY. 0) CALL ERRCR{4} 1SET 31
150 IF (+NPAR LT, NPAR) HNPAR = NPAR 1SEY 22
IF {HNPAR EQ. 0) GO TD 310 T ST T T T T ST 33
£0 14C 1 = 1.80 1SET 34
160 TEMII(L) = C 1SET 135
TS NPAR = C° . STt T o s s T 36
€C 170 4 = 1,80 1SET 37
X =3 1SET 38
E SUTTTTIF US(J) JEQs ~5) NPAR = NPAR ¢ 1 T T Tt TeTo sTm oo T em 1GET 2§
= IF £S0J) .EQ. -7} NPAR = NPAR - 1 1SET &40
3 IF (NPAR .EQ. HNPAR) GO TO 180 1SET &1
e = IT0TCONTIMUS = . T T TISEY” &2
= 180 S(K) = TvAR SET 43
3 K 3% ¢} SET &4
= T YHISVR = TVAR ™ - T o SET 45
TvaR = TVAR + } SET 46
= €0 1SC J = 1,80 1SET 47
= - ‘IF {SI{K} .EQ. =7) GO TO 260 - T Tt T TTTTTTUTTTITTTTTTISETT 48
= 1EMLIL) = StK) ISET 49
€K} = ¢ ISET <0
= —IST K = K ¥ 1 - - = _ - 1SET ™51
200 SIK) = O SET 52
CALL RMVZER{S,N) SEY S3
— T Kk=¥Xel ~— - - TSET T4
210 L0 22C I= 1K 1SET 55
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IF (TEMILI) JNE. -5 AND, TEMLI(I} .NE. -9} GOC TO 220 1SEY 56
TEM{NS. 1) = TEM1{1) 1SEY_ 57
TTIEMINSS2) = TERLI(I-1] 1SeT S8
TEMINS,3) = TEMLILI+]) 1SET %9
TEMINS,4) = TVAR 1SET__ €0
TTTTIEMI I- 15T E TVAR 1SET 61
TEN1ItI) = O 15€T 62
TEMI(Ie1) = O ISET &3
TTTTIVAR = TYAR ¢ 1 T ISET™ &4
NS = NS ¢+ 1 1SET &5
220 CONTINUE 15T &3
TCALL RMVZIERITENM] X) SET &7
K=K €1 SET &8
LEN = 0 SET 69
TT KRS = 1 - SET 7197
ATERM = 0 SET M
IF (TEM111} .LT. C) XS = 2 SET 12
D0 270 I = KSTK ISET™ 137
IF “Eﬂlll’ OLE- O ..“90 15'1‘]' oGEo ’2’ GO TG 230 ISE’ 7‘
LEN = LEN ¢+ 1 1SET 75
TTOTTYEMZILENY = TEMITIY O 1SET™ 76~
IF (L3N EC. 1) ST = 1 1SEYT 717
co IC 270 ISET 78
T230 NTERM® = NTERM 7 T1SETT 16
IF (LEN .LE. 1} GO T0 260 1SET 89
X3 = -1 1SET &1
TTTTC0 240 JK = ST.KJ 2SET @827
240 TEMI(JK) = O 2SET  E2
IEMI{I-1) = TVAR 15ET 84
T CALL TERMITEM,TEPZNS,LENR,TVAR] 1SET &%
£G 25C 17 = 1,80 2SET 86
&50 TEMZ(IZ) = C 2SET &7
“260 LEN = O T 1SET™ 83~
210 CONTINUE 1SET 89
CALL RMVZER{TEM]1,X)} SET S¢C
- CALL CATHERUTEM,TEF1 NTERP;THISVRKS) SETT ST
IF (+NPAR .GT. D) GO YO 140 SET 92
280 EQUINE.1.1) = -1 SET 93
- EQUINE, 244} = NCARD SET™ §&°
K =1 SEY 35
IF {ECUINE,2,1) .EQ. =6) K = K ¢ } SET S8
RS = NS -1 " T T ° - = SET ST
€0 2CC 1 = 1,NS 1SET S
Ke=Kel ISEY S9
TR0 256 A2 = 14T T - T 2SET 1007
290 EQUINE.KoJ) = TEFPLLI, Ji 2SET 101
1F (1 .EQ. NS) SC 10 300 1SEY 102
TS IF 1K .LT. 101 GC TO°300 ISET 1037
K =1 1SET 104
EQU{KE,1,3} = 10 1SEY ICS
TTTTNE=NE 1T TTT T ISEY 108
EQUIKEs 1,41} = =2 1SET 107
ECUEANE,1+&) = NCARD 1SET 108
—300 CONTINUE™ - ISEVICS
EQLINE;1.43) = K LT 110
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RETLRN

210 IF (S(2) .NE. -8} CALL ERROR(3)

HISVR = S71)

SET 111
SET 212

L0 320 1 = 3,80
320 _TEMIL1-2) = S(]}
TERLI(I9) = ¢

SET 1137
1SET 114
1SET 115

TZM1(80} = 0
CALL RMVZER{TENI (K}
—to 10210

SET 116
SET 117
SEY 118

END

———

SET 116~
SEY 120
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SUBROLTINE RMVZER (N1,N)
CIMENSION K1180)

-y a0
€0 1CC 1 = 1,80
If _INILI) .€Q. 0) GO TO 100

TRER eI
ALEK) = N1tD)
IF (X LT, 1) W1(1) =0

100 CONTINUE
A=Kk
RETLRN

ENC™ T -




SUBROLTINE TZRM{T,T1,NoLoNY}
. ___INTEGER®2 114046}
T TTTINTEGER Titee)
AS = NV
AV = NV ¢
TTTTHN, LY s TTYe2Y
TIN.2) = TI{1)
TN, 2) = T1(3]}
TIN. &) = NS
1 = 4
100 A = N + 1
TTTTIE L8 L6Y. ) RETURNTT
HN,11 = T1(D)
T{N,2) = N3
THNL2Y = TiIe1) T T
!‘Nc“ = Hs
I =12
cCc tc 160
END
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SUBROUTINE GATHER (T,T1,NT,KV,N}

INTEGER®2 T{40,4}

I
!
!

GIR
GIR

TUUUINTEGERR YYsC)T T
IF INT .EC. 1 .ANO. R .GT. 11}
1 =1

GO 10 130

f

GIR
GIR
GIR

LTy S

TN, 1Y B =107
Tihe2) = 1
IF (71113 .GY. O! GO YO 100

GIR
SIR
GIR

(RN, T
)

T IF(TI(1Y LEG. -2} TIR,2ZY A=Y
=11
100 TIN,3) = TIC1)

[ { W
GI* 1¢
GIR 11

1=1+1 oo TTmTTmT e T IR 127
1IN, 43 = &C1 GIR 13
11N =N ¢ 1 GIR 14
TTTTIF (THIY JNES D) GO YOTIZD [~ - ¢
TIN-1+%7 = NV GIn 14
RETLRN GIR 17
ATTTVINGIY 2TTUIY T 613" 187
TIN,Z3 = 801 GIR 19
Tik,33 = T1il e 1} GIR 20
T UNAY T 60 T GI2 " 217
1 =1+ 2 GIR 22
GG 1C 110 GIR 23
130 TIR-1,47 5 NV SIR 2¢
RETLRN GIR 25
END GIr 26
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SUBROUTINE CATAIN oIN )
IRPLICIT INTEGER (A-Ul, REAL{V-2) oIN__ 2
T INTEGERS2 EQUILIAC.10,4TPRTIETISOY SIN 3
CONNON /K0D/ VARARY(620) (NAFARY(ACO), ECULPRILSY LI &
COMMON JGEN/ ALBETISC) piy S
T CIFEKSION CARDIBC)NAN{IE) NunlTd) DIR €
%C0S = O 036 T |
'] - pin 2
€ READODATA CARD ~ — - T~ - oix™ 9
c pin 10
100 READI1,110,EAD=240)CARD pin 11
T ITCTPORMAY (eCAIY T T~ - DIk 12
&CDS = KCDS + 1 015 13
1IF INCDS .EQ. 1) MRITE (3,120) DIN i4
T Y25 FORMAT(*] ~ DATAY 2 -l 1d
c oI% 1.
c BENOVE CCPFPENTS AND BLANKS Din 17
(o - - DIN T 1E
£O 13C 1 =1,80 iciw 1%
IF (CARDII} .EQ. ALBET (50)) GC YO 149 1= 20
TIFTICARDLY) JEQTALAET (1T CANDIIN &0 10i8 21
130 AS = fe} 10i%  2:
€0 10 1¢0 cin 22
R E R R 191%° 2%
150 Caali{1) = C itix 25
160 CALL RMY2ER{CARD NS} ot 26
TEtTT o “pIK 27
c CHECK FOR TABLE oI 28
oIR 2%
——v‘unum.nt" A ETOII O CARDIZY  RECBLRETIRSYY SO YO 10— CIN~ 3¢
IF (CART(ID.NELALBETIAEICR.CARDIAIMNEALSETE22)) GO Y0 170 oix 21
IFf {CARC(S).NELALBETIA5]Y GO 10 170 oix 32
TTTTUTUTALL TASLINIZARDY oI 13
G0 1C 1C0 oiN 2
170 CONTINUE DIN 35
< ot T e DIx 3%
c CHECK FCR CORMA IN LAST POSITION H T Y J
c cIX 32
T IF ICARDINSY JEQL AUBETIITY NS & KS=T DINT 1S
IF INS .E2. 0) GC 15 240 3 LS
IF 15S.LT.20) CARGINS#1) = O CIN &l
. — "BIK T AT
c FIRD THE NUPBER CF DAT: ITERS DIN 53
DIn A8
R =1 B TiN " &%
€0 18C 1 =1,88 10I% &
120 I (CARDII) .EQ. ALEETE3)) XD = ND ¢ } DI &7
T T pIix &8
c FIND VARIABLE %ANE IXC CATA THEN STIRE £1% 4
4 DiN  S2
- TC 23T JX sI,ND~ IDIN T SET
£6 150 1= 1,5 201N =2
KaN{I}) = 0 oI 53
X = 1'%} B TN S8
IF (CARDIY) .£Q. ALZET{1}} €O YO 200 oI sS




NAM(TY = CARDII) 20IN 56
190 CARO(I) = ¢ 20IN 57
- NAMIE) = (0 10IN S8
IF (CARD(6) NE. ALBET(1)ICALL ERROR (6) 1CIN  SS
200 XS = K + 15 10IN 60
CTARCIK=1Y =0 1I0INT 617
Js=¢ 1D0IN 62
€0 21C I= KyKS 2DIN €3
- d=d4v 1 7 2DINT 64
NUM{J) = 0 20IN 65
KE = | 2CIN  &é&
—IF{CARC{!; +EQ U ORT CARCUI) SEU. ALBEYVIVY GO YU 22 20INT 677
. AUMLJS) = CARD(I) 20IN 58
210 CARD(I) = O 20IN 59
T CALL ERROR{TY B 1CINTTI07
22C CARC(KE) = C 10IN 71
CALL NAMCMP{NAN,NAMENC) IDIN 72
T CALU NUMCMP(NUMGX] 10INT 737
CALL STORE(NAME, XNC) ICIN 74
230 CALL RMVYZER(CARD NS} 1UIN 75
TTTE0Y0C100T T DINT 767
240 RETURN DIN 77
I L DIN 78

T AT 4
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SUBROLTINE NUMCMP{NUM.X) Nug 1
IMPLICIT INTEGER (A=u3 REAL(V=2) NUC 2
INTEGER®Z EQU(109,10,4),PRTLSYIS0) NC 3
COMMOM /MD0/ VARARY {6201 4 NAMARY (<001 EQU,PRTLST NUC &
COMMON /GEN/ ALBET(S50) NUC 5
TTTTTTTDIMENSION NUMILsY T T TNUC &
[# NUC 7
C____ FIND OUT_IF FIRST CHARACTER IS A =, NUC__ 8
¢ —moemmT oo T - NUC &
SGN = 1 NUC 10

17 INUME1) NE. ALBET(S)) GO T0 100 NUC 11

S = )T oY NuC 12

NUME D) = -2642245 .4 NUC 13

c NUC 14
T TINDTOECTHAL +OIAT,EXPONERTY,” AND CONVERT CHARACTERYS YU INVEGERS — NUC 1S
b NUC 16
160 NC=-1 NUC 17
RE=0 T - - NUuC T 18

€0 120 1 = 1,16 INUC 19

iF (NLMUI) EQ. C} GO TO 130 INUC  2C
TIFINLMITY 6. € CORTNUNMITY JEQJALBEY {451y 60 VO 1167 INuC " 21
NUMETISINUPIT) + 2642247043 716777216 INUC 22

GO 10 120 INUC 23
TTYIOTFTINLEITY LEQY ALBERIINY NEEY T T T T INLCT 24
IF (NWLM{1) EQ. ALBET(45)) NE = § INUC 25

120 n=1 INUC 26
T IIYTIFTIND L EQe ST L alDe NE o4EQ. D} NDTEN HIT T T TTTT T ONUC 27
IF (RC +EQe =1 +ANDs NE oGT. 0} ND = NE NLC 28

NP = ND - ) NUuC 29

- IF INE LEQ. OF 6L To 140 "~ " T NUC 30
IF [NE .EQ. N} NP = NE-1L NUC 21
NUMINE) = C NUC 32

TTIF T{NUM(NE+]) (GT.10 INE 3NEel™~ T 7 T T ONUCT 33

AEX = NUM{NE+]l) NUC 34

IF (N (EU. NE#2) NEX = NEX$10 + NUMINE+2) . NUC 3
TTTTTTIF (NUMINE) LEQ.TALBETYIS) I NEX & SNEXT T T ToueT 38
AP = KP & NEX NUC 37

K = NE ~1 NUC 38

— Y&O0TX=0 T T T o - - - - T TNUC T 38
00 150 I = 1N INUC 40

§F (1 +EQ. ND) GC TO 150 INUE 4L
TTTTTRP = NPSYTTTTTTIOTTT T ” INUCT 42
vy = NWM(I® INUC 43

XNP = NP INUC 446
TTTTTTTX s XU# Y8 {10.0%8XKNPY T T T T T T 13UC 45
IF (NP LEQs O} X = AINT(Xe,1! INUC 4G

15¢C CONTINUE INUE A7
TTAETXSSGNT NUC 48

£O 160 1 = 1,16 INUC 49

160 KUM(I} = C ec ¢
TTTCOTRETWRN TTTTTTTT O UUTTI T T - NUC .51
ENC NYC 52
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SUBROUT INE NAMCHMP [RNAN,NAPE ¢NC)
IMPLICIT INTEGER(A-UJ,REALIV-1)

INTEGER®2 EQU10C,10.4) PRTLSTISO)

COMNON /MOD/ VARARY(620)oNANARY (4003, EQUs PRTLST
COMMON /GEN/ M.BE"»SC’

NAC
CINEKSION ‘AAM(16) NACT
Pid = l6es¢ NAC
C NAC
T FIND NAME LENGTH ~ =77 o NACT 97
c NAC 10
€o 1¢€0 1=1,5 INAL 11
TFINAMII) JEQ. C) GOTTO 110~ - IKACT 127
100 NNsi INAC 13
C NAC 14
T CHECK FOR™ S — 7~ NACT 157
C NAC 16
110 AC=0 NAC 17
TTTT IFIRAMIYY T JEQLC TALBETUSY) NCST NAC T 18
IF (NN-NC .LE. 4) GO 7O 120 NAC IS
CALL ERROR(23) NAC 20
- AN"="NC 74 NAC™ 21
120 AN = MN - NC NAC 22
C NAC 23
T 7 "PUT 'BLANKS 'IN"NAFE NAC™ 24~
c NAC 25
IF (KN .EQ., &) NAME = NAWN({L1eNC) - 4210752 NAC 26
TTTTTIFTINN GLETT2Y NAMETEIOT3T41824 TTNACT 277
IF (N} JLEs 2) NAME = NAME ¢ 4194304 NAC 28
IF (KK .GT. 1) NC 10 130 NAC 29
TTTTTTAAME 3 NAME ¥ 16384 TF NAMULIONC) /P16 ¥ 235 NACT 3¢
(0 70 15¢C NAC 31
C NAC 32
T TFILLTIN CTHARACTERS = NACT 33
c NAC 24
130 NS=sleRC NAC 35
T TwfalNReNCTTT T T T TT T NAC™™ 36
IF (NN .EQ. &) NS=NSe) NAC 37
Lo 14C I= NS, NY INAC 38
T TUNAMITLY = NAMUT) 1674725 INACTT36°
140 NAME = NAME & NAP(1)e16%8(28(NT~1)!} INAC 40
150 CO 160 1 = 1.16 INAC 4]
TTI1ECTNAM{L) & C T INACT427
RETURN NAC 43
END NAC 44
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SUBROUTINE STORE Ny XoNC) st !
IMPLICIT INTEGER{A=U) REAL(V~2) ’ sIR 2
T INTEGERS? EQUIL00,10,45 PRI TISOY ; I 3
COMMON /MOD/ VARARY(£20) ¢ KAMARY(400) ¢ EQU,FPRYLST STR 4
- COMMON /CCMMN/_ STPCOM,STTREG, STPREG,COM{200) s;: :
. E3
< PRINT VARIABLE AND VALUE STR 7
< . STR 8
T BRITETUIN1C0) Nox T T T o STR™ 9~
100 FORMAT (S5X,A4,* = *,1PE13.6) STR 10
IF (NC .EQ. 1) WRITE (3,110} STR 11
TTYIOFORMAT (63T g0y T e gra— 12"
c ste 13
[4 CHECK TO SEE IF NAME [S IN CONMON AREA STR 14
C e - STR' 1S
00 220 1 = 1,STPCOM 1STR 16
K= 1STR 17
TTTTTTTTIRTINTGEG NAMARY (1Y T GOYOT YD 1STR 18"
120 CONTINUE 1STR 19
130 IF (NC .NE. 1) GC TO 150 . STR 20
TTTTTRRITE (3,140 T StR™™ 21
140 FORMAT (*¢9,28X,°THIS VARIABLE IS NOT IN COFMON. CATA [CNOREC.’) STR 22
RETLRN STR 23
T IS0 TO 16071 s STYREG, 400 1STRT 2&7
: b= 1STR 25
IF (N oEQ. NAMARY(1)} GO YO 190 1STR 26
STTTTTTIFTINAMARY (LY SEQ. O GO YO IO i 1STR " 27~
160 CONTINUE 1815 28
170 SRITE (3,1200 StTA 29
TTIBC TFORMATY U Vet 20X STHIS VARTABLE TS NOY USES, DAYR IGRUREC.'Y STR30°
RETURN ST 31
190 IF (VARARY (K} LEC. 123,459E-15) GO 70 7190 SR 32
T T RRITE §352C0) VARARY(X) STR™ 337
2CC FOXMAT (049,28, *THIS VARIABLE ¥AS DEFIUED A3 *1PEl3.é) CSTR 34
210 VARARY(K) = X STR 3S
TTTTTRETWLRN T - - STR™36™
END SIR N7
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SUBRCLTINE ORDER(IN) ORD 1 =
IMPLICIT INTEGER®2(A-E)oLCGICALSL(F), INTEGER(G-U) REALIV-Z) ORD_ 2 =
INTEGER®2 EQU(100,104%7¢PRTLST(50) ORD™ 3 =
COMMON /HOC/ vnmvcezo).mnnvuaos.enu.mnsr ORD 4 b
INTEGER®2 UNDEF (200) ORD 5 %
T COMHMON /COMEN/ STPCOMSTTREG,SYPREG,CTHT2007 0RO~ 6 2
COMMON /GEN/ GBET(50) ORD 7 g
CIMENSION F(620) ORD__ 8 2
. TTTTTTTEO ICC 1 = 1,620 T T T T 10RC™ § E |
1€0 F(1) = LTRLE. 10RD 10 =
IN = EQUI(1,1,3} ORD 11 -
T o T e o ORDT12™ |
. c SET LP LOGICAL ARRAY, ORC 12 3
c ORD 14 E
TTTTEO 116 Y = 1,400 T T T T 10RD™" 15 .
110 IF (VARARY(I) .EQ. 123.459E~15 .OR, NAMARY(I) .EQ. O} F{I}=.FALSE.10RD 16 =
€0 12C 1 = 402,6CC 10RD 17 E
“TU120 IF (VARARY{I} .EQ. OY FII) = FALSE. 10RD ~18° |
€0 13C 1 = 601,620 10RD 19 E
130 FUI) = .FALSE. 10RD 20 E
B - - . ‘OrRD" 21 :
c DETERMINE CRDER CF EVALUATION. ORD 22
c ORp 23
TTTEO140 s 2,10 T - 10RC™ 24~
€0 14C J = 1,3,2 20RD 25
IF LEQUI2,1+4) .LE. 0) GO TO 150 20R0 26
T 7140 FLEQUI2,1,J3) = JTRUEL -t — 20RD " 27
150 ALPDS = 1 ORD 28
GLPOS = 1 ORD 29
TTISOTNCHG = O T GRD™ 39"
NEED = O ORD 31
€0 24C 1 = 3,100 10RC 22
IF (EQUlI,1.1) .EQs =2} GO TU 230 10RD™33
IF (EQUII41413) 170,270,260 10RC 34
170 11 = ¢ 10Rp 35S
—_ 12=1 " - 0= == 1CRD™ 36"
IFIECULIL1,241) JNE. -B) GO TO 180 10RD 37
IF (.NOT.(FIEQUIT15242))oAND.FIEQU(T114243)).AND.FIEQU{11+3,2))))GOI0RD 38
= TTTTUCATTIO 145 et T — ————— {ORC~"3§
= FLEQUITI1,2,43) = .TRUE. 10RD 40
Z ¢o TC 220 10RD 41
= 180" L0 2CC K = 2,10 "~ : - - 20RD %2
= IFLECLIT1.K,1) .EQ.0) GO TO 210 ZORC 43 2
] IF (NDT. FIEQUII1,4Ke3))) GC TC 230 20RD 4% =
= TTTTTUIF LEQUIELLKe1Y} o EQ. -10)° GO TC 1907~ - 20R0D4S 2
9 IF (.NOT. FIEQU{I1,K.2))) GO 7O 230 20RD 46 2
= 1F LEQUITL,K,1) .EQ. -6) GO TO 200 20RD 47
T ISOUTFIEQUITL 4K o) )= TRUE. ™ — ~ - 2GR0 48
e 200 CONTYINUE 20RD 49
= . K=Kel . 10RC SO
2107 IF LEQUIT141,1,1) .NE. -2F— GO T0°220 “10RD™SY
I1 =11 ¢ 1 10RD S2
GO T0 180 10RD 53
. TTZ20TEQUIGLPOS,1F2T FI2CCTT 10RD™54
EQUIIZe101) 3 ALPOS 10RD 5SS
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ALPOS = 12 10RD 56

o . CLPOs = 12 10kD 57

T = @YY T T T T 10RD 58~
ACHG = NCHG ¢ 1 10RD 59

IF (12 JLE. I11) GO YO 220 10RC 6O

(0 10 24¢C 10RD™ 61

230 AEED = NEEC ¢ 1 10RD 62
240 [0 250 % = 601,620 20RD 63
TT2507F{LY = JFALSE. T T T T T T T T TTTTTTTTTTTTT Z0RE €4
26C CONTINUE 10RD 65

c CRD &6
CTTTTCRECK TO SEETIF AUCTEQUATICNS HAVE BEEN USECT ™~ ~— """ ORD &7
c ORC &8
270 IF (NEED .EQ. 0) GO YO 290 ORD 69
<t - TTT T T T e - ORD " 70
c CHECK TO SEE IF ANY ADDITIONS WERE MADE CN THE LAST PASS, ORD 71
C ORD 12
TTTTTTIFTINGHG TLGTTTG) GD TD 160 T T T T T - ORD 73
CALL ERRQOR{9) OrRD 74

co 10 320 ORL 7S

TT286 RETLAN ~ =T o T oo o - - QORD 16
C QrRD 7
c If INCRODER wAS REQUESTED CHECK CRDER. ORD 78
T st et o 1- T w 14
26C IF (IN .EG.1) RETILRN ORD 80
Lo 3CC 1 = 2,100 1cap 81

T IF (EQU{I,1,2) .EQ, O) REYURN ——~ ~ ~— ~ ~—~ =7 =% — ™" ~=" "= =" "10RD 82

IF (EQUIl.1,2) .NE. I¢1} GG 7O 310 1CRC €3

2CC COMTINUE 10KD 84

- TRETURM . R TetTT T T - = 7" QRL 85
310 CALL ERROR({}0) ORC &6
RETLRN ORD g7
320K = 1 T - S+ 1 + QU 1
LC 33C I = 1,STPCOM 10RD &3

IF (NAMARY{I)} .EC. O .OR. F(I[}) 50 TO 330 10RC  SC

T T UNCEFIK) = 7 e e {+1:1 s B D
K=K +1 10RD 92

330 CONTINUE 10RC 93
“———0 34C I = STTREG,400 — —~ -~~~ ~~ =< ===~ "= —-—==—"—= 16’0 94
IF (NAMARY(1} .EC. O} GOQ TO 350 10RD 95

IF (FLI}) GO TO 340 1080 S6

T T TTUNDEFIK)Y = 1 - - -7 T R {513 o 2 §
K =K ¢ } 10RD 98

340 CONTINUE 1CRD 99
350K =K -1 ~ ° T T moTme s oommeo s mmc fomm o oo o—————— QRO 1£3
WRITE (3,360} (NAMARY{UNDEF(I}),1 = 1,K) ORC 1C1

2&C FORMAT {*1 UNDEFINED VARIABLES ®4/,10(5X020(2X,A%3,/ }) ORD 102
—~""¢g TC 280 ) 7777 oro 103
END ORD 104
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SUBRGUT INE RUNNOC RNE

= 1
e IMPLICIT INTEGER(A-D) 4 INTEGERSZ2(E)  INTEGERSF-U) ¢REALIV=~2) RNE 2
E 7T TINTEGER®2 EQU(100,10,4),PRTLST(S0) RNE 37
3 COMMON /M0D/ V(620) ¢ AAMARY (4003 oEQU 4 PRTLSY RNE 4
e COMMCN /GEN/ ALBET(S0) RNE 8
= T CIMENSICN ITERY(4,45),VIT(A) RNE 6
L CIMENSION VYAB(3) RNE 7
5 COMHON /ALL/ VLST(50),MCOMAN{30,5) RNE 8
= . T o 1ect s 2,10 T 7 T T IRNET 9
= €O 1C0 J = 1,3,2 2RNE 10
- If (EQU{2,1,J) +EQ. C} GO TO 110 ZRNE 11
= TI00 VIEQUI2,10d)) = VIEQU(Z2,1,J¢17T 2RNET12
: . 110 1R < 2 RNE 13
5 If {EQUIl,144) .LE. O} GO TO 130 RNE 14
TTTONT s EQUIL.1e4) - 2 T T T - RNET 1§

1TR = NT RKE 16

£O 120 1 = 1,NT IRNE 17

TTTTAITERYEILII E G T T T - 1RKE™ 187

= VIT(I) = O 1IRNE 19
= e 12¢ X = 2,5 2RNE 20
= 7120 ITERY(I.K} = EQUILT+IJK-T) 2RNE™ 21
3 130 NEXT = EQU(1sle2) RNE 22
£0 320 I = 1,100 1RNE 23

i JE 3 4 S IRNE™ 2%~

LEXT = EQU(N,1.2) IRNE 25

= 0 2¢C J = 2,1C 2RNE 26
1 T TCP = -EQUINsJ,L} T 2RNE 27
= IF (oP .EQ. ©) GO TO 310 2RNE 28
- N1l = EQUIN,J,2) 2RNE 29
= T ONZ = EQUINGSG3) T T g 2RNE T 307
A3 = EQUINJS,4) 2RNE 31

€0 TC £140,150,1£0,1705210,25043004240,230,290),0P 2RNE 32

TT4A0 VIN2) = VIN1) ¢ VIN2Y T T - ZRNE ™ 33

GO 10 300 2RNE 34

150 VIK3) = VIAl) - VIN2) 2RNE 35

=" ¢0 10 3C¢ o 2RNE™"36”

16C VIN2) = VINL) & VIN2) 2RNE 37

G0 1C 300 2RNE 38

—i70 IF (VIN2} .NE. O} GO 107200 2RNE™ 39°

MRITEL3,18C) N 2RNE  &C

180 FORMAT(® **wARNING DIVISICN BY ZERQC IN ECUATION *,13) 2RNE 41
T T IF(NZ JLE. 200) KRITE{3;190) NAMANY{N2Y 2RNE 42~

190 FORMATI*+®,50X,*DIVISOR KAS *,44) 2RNE 43

VIN3) = 1.CE6D ZRNE &4

— G0 10 300 T T T 2RNET%S

2C0 VIN3) = VIN11/VIN2) 2RKE 46

€0 10 3ce 2RNE 47
—210 IF (VIN1} LLE. 0) WRITE(3,220F N ~— "~ —— 2RNE ™ 48°

220 FORMAY{* &3 WARNING A NEGATIVE NUMBER WAS RAISED TO A POMER IN EQU2RNE 49

. AATION *413) 2RKE SO
TT T VIN3) = ASSIVINI))IseVIN2) 2RNE ST

€0 10 3CC 23NE 82

230 IF (VIN]1) .LE. O) WRITE(3,220) N 2RNE 53

TTTTTVNTY = ABS{VINI I8 {-VIN2)) ZRNE 54"

GC T0 3C0 ZANE 35
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240 VTAB(1) = VND) 2RNE 56
VIAB(2) = VINZ} 2RNE ST
T VTAB(3) = v UIR 3. 21) 2RNE~ 58
INTL = VEEQL ,3,31) 2RNE 59
____INT2 = EQUIN,3.%) 2RNE € E
i TCALU TABLOK{VTABSINYT, (NTZ,VREY] i 2RNE 61 E
VIN3) = VRET 2RNE 62 g
€0 10 310 ZRNE £3 E
L TC0 IO (26C4270 0 2ECYNTY TTT2RME T 64 E
260 IFIVIN]1) LT, VI(N2}) GO TO 300 2RNE &S E
_Co 10 310 2RNE 66 5
T2TOTIFLVINLY LEQL VIN2)Y) TGO TO 35T ZRNE €717 3
¢0 10 31C 2RNE 68 E
280 IFIVIN1) .GT. VIN2)) G5 TO 3o 2RNE 69
776D O 3100 T T - 2RNE”T 70
290 VIN37 = N1 & y(#2) °NE 7N
300 CONTINUE 2RME T2
T310 IF (NEXT LLE. 0) 6O TQT330 1IARNE 737
320 CONTINUE IRNE 74
230 IF (IR .GT. O) CO 10 350 RNE 75
T340 IF T LEQULLGI0GTY CNELTOF CALL PRRTAT(O) TTTTTRNE M6
RETURK RNE 77
350 CO 3SC 1 = 1¢NT IRNE 78
T Ks=al - - . IBNE 79
ITERY(I,1) = ITERY{I,1) ¢ 1 1RXNE 80
IF (ITERY(1,2) .NE. O) GO TO 360 IRNE 81
TTTTTIE CLYERYUIGLY L LETTITERYUIZIIN GO YU 130 IRYE €2
GO 10 350 IRNE 03
350 VR = VIITERY([,2)) IRNE 84
TIF (ITERY(1,1) .G11V GO Y0 310" IRNE  e%7
VITUI) = VR 1RNE  E¢€
GO 10 130 IRNE 87
370 VRT T ABSIVITIIY=VRY IRNE 28
VIT{I) = VR IRNE &§
IF (VRY .1T. VIITERY(1,5))) GO 10 380 IRNE 90
TTTTIF (ABS{VRT/VRY JGTS VIITERYII&) 171007 GU TO 400 IRNE ™ 91
380 [TERY(I,1) = O IRNE 92
390 CONTINUE IRNE 62
€010 34C RNE ™ 64~
400 IF (ITERY{K,1) .LT. ITERY(K,3)) GO 7O 130 RNE 95
CALL ERROR{2S) RNE S6
—TTTO Y0 K0T T RNE™ 67
END . RNE 98
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SURROLTINE PRNIOTINAR) S |
IMPLICI T INTEGER {A=-U) JREALINV-2) PRY 2
INTEGER®2 EQUI 166,10, 4T, PTI50) PRY 3
COMMON /MOD/ VARARY(620),NANARY(400) sEQU.PT PRT &
COPMON JCOMMN; STPCOM,STTRES, STPREG, COX(200) PRT S
IFTINAR . EQ. 0) "GO 107250 PRY™ 6
wRITE (3,1C0) PRY 7
100 FORMAT t77/,° EQUATIONS®Z/ ) PRT 8
I=1- ~— 7 7 -t T T = PRI 9
WRITE(3,120) 1, ({ECUIT,J,K},K=21,4),05]1,10} PRT 1O
€O 11 1 = 2,100 1IPRT 11
IR LEQUUTL1.1) LEQ. 0) GC YO 1307 T - 1IPRT™ 127
KST = EQUIT,1,3) 1PRY 13
110 SRITE(3,120) I, C(EQUIToJsK) o Kx1,y8)eIa1,NST) 1PRT 14
Y207 FORMAT (/7,13,1X,4T14,504X,4141/,414X,4141) PRT™ 1S
120 WRITE (3.,140) PRY 1¢
11C FORMATY (77441 CONSTANIS®//) PRYT 17
— €0 15C § = 402,600 T ° - 1PRT 18 7
x=1-1 1PRT 1¢
IF {VARARY(l) .EC. 0) GO 10 160 1PRT  2C
"150 CONTINUE T, TTmT T T 1PRT ™ 21~
160 SRITE £3,170) (!,VARARY(!),1=401,K" PRT 22
170 FORMAT (5(5X.144° = *,1PE13.6)) PRT 22
T wRITE(3, 12} - T T - PRY 24
180 FORMRTL/7777/¢ NARIABLESY.//) PRT 25
SIT = } PRT 26
S RIS (.o o, PRY ~ 27
xsC PRY 28
€C 190 ! = 1,STPCOM 1PRT 29
— " IF tComtly .€Q. CY T GU YO 220 1IPRY T30~
190 x = | IPRT 21
GO T0 220 PRT 32
200k = 0 T - PRT 33"
€0 21C &t = SYT,S1P 1PRY 34
IF (NAMARY{I) .EC. O} GO T0O 220 1PRT 35
210 x = 1 ot T T 1PRT 36
220 IF (K ,EQ. 0) GC T0 240 PRT 37
BRITE $3.230) (I NAMARY({I]3,1 = STT,X} PRT 28
230 FORMAT (2CE10(3X413," <« “GA&17}) PRY 39~
240 IF [STT .EC. STTREG) RETLRN PRT 40
ST = STIREG PRT &1
T STP "= 4C0 D PRY 42~
GO 10 200 . PRYT &3
250 WRITE 13,260} PRT 4%
260 FORMAY (#7) —"~ -~ - PRY&S™
€0 27¢ 1 = 1,5C 1PRT &6
K= i-1 IPRT 47
T IS IPTIIVLEGL UV GO TOT2R0 1IPRT 4N~
270 CONTINUE 1PRT &S
200 WRITE 72,2500 (NAMARY(PTI{I)),VARARY(PT{I)),i21,K} PRY SO
290 FOR%AT (10(SISX;24&;% = *71PE13.61/1% PRY "S1
EETURN PRY S
END PRY €3
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SUBRCUTINE COMND(S,YoR,ER) Cnd 1
INPLICITY IATEGER (A-U)REAL{V-2) cHp F4
— INTEGER®2 EQUIL100.10,4) ,PRTILET(SO) ¢~ 3
COMMON /HOD/ VARARY(620) oKANARY{40C: 4EQU, PRTLST cCHD 4
COMMECN 7GEN/ ALBET(SO} c¥p S E
“TTCOMMON /TAB/ TABLI2D,2) 7 (o ) I =
EQUIVALENCE (AT1),ALBET(1)) crD =
: DIMENSION SU80) ,R{40),CL10),KAL16), SAVIBOI,A(50),COAT(10) [ _13] 8 E |
E * T~ " 1H1S RAOUTINE CHECKXS FCR CCPPAS AKD RETURNS THEIR ARGUVENTS TCeDT 9 =
= c ER = 1 IF STATEPENT IS N ERRCR cxL 10 %
C fR = € IF STATEFENT IS CCRRECY c*p 11 2
T T INDICATES TYPE T T T tmp 127
- c 3 = £ EQUATICKN cCup 12 E|
4 c 1 ITERATE T 14 =
= T 7T 2 INORCER T T Tt - ) c¢»g 15 =
3 c 3  FOCULE NAPE cFD 16 |
c 4 RUN #0D crp 17
E= T TS GEY T cp” 187
= C & GIVE CRD 19
= c 7 POIAY crd 20
- T et cowwON T T T - “CMp 217
c S REAC cro 22
c 10 PRINT cep 23
H T 117 IF - 607IC cvD 247
= c 12 1F - EXPRESSION cMp 25
c 12 TASLE LOOK UP crD 26
= - T -t - 7 - CmD ™~ 277
c R IS THE ARGUNEKRY LIST RETURKED crp 28
< cme 29
= TTTTTTTLETA O COAT/ I TERNCORPOUURUKPCEY GIVEFUINLCPRREIUPRIN'S opT a0m
= CATA G0 7*GCTYQ*/ €rp 31
= o 1€C 1 = 1,18 crp 22
TTTICOTCLIY = COoANLIY T T —iemMgT 23
E 1s¢C CuD 34
= £’ = 1 €*p 35S
TTTTIETIIC 1 o= 1,40 - 1C*D 36
5 1F 11 LT, 17) NWA(I) = O e 27
= Savily = 0O 1C=p 18
= TTTTTTTRAVLIIeAE)Y s 0 7T - 1L T3S
= 110 R(1} = O 1c%o &0
= C crp 41
= T~ TTCHECK FOR INITIALIZE CrD ~ &2
= C . cne 43
5 1F 1SE1) LAE, Af41) .OR. SU2) NE. A€36)) GO YO 120 e 44
= TR (2823 JKESTATAL) JORTTSISTTIRELALII0)Y TGY TCTI2C CFD T &5
= 1F 1S15) KE. A(41) .CR, S{&6]) .ME. A{49)) GO TC 120 crp &5
= IF ISET) AE, A{38) .CR. SI8) KE, Ai41)) GO Y0 120 CHD &7
= TR OfS19) LKEL 21287 JORSSUIOY (NE. AU4ASHT GO YC 120 Lo b-A Y
= €@ 10 61C %D 49
= y c e S8
= T CHECLK FOR TASLE i€CCK UP -~ —— - - - cep— 51
£ c g 22
= 12¢€ 02 13C 1 = 1,20 1C*p 53
= ) T IR ISTIY OLEQ. ALY RO IADTT T T T - T1EMD T 54
= 130 x = | 1L¥¢ 5SS
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G0 10 150

ceD 56

140 K a K » cmp  S7
F‘(*(K).uﬂum’bf5"201}_5!‘“'“) LELSIRSZINELRTARIVCO TO I50 €m0 S8

K=Ke¢3 crRD 59

IF (SIK) JEQ. A(33).ANO,.SIK*1).EQ.A(45)) GO TC 530 CrD 60

C CRE &l

c COMPRESS FIRSY FOLR CHARACTERS crD 62

C crvo 63

IS0 €O 16C 1 = 4%~~~ 7 T T T T 1C»D 64

160 AALI) = St} e &S

CALL NARCMP{MA JHANE NC) cHD &b

1FINARE EQ. GTCT GO TO 650 - crD &7

e 1701 = 1,10 ic»p e

IFtCLn., Q.'ﬂ."ElGC 1e ll90.21°.220'200'29003‘90 50, 36C, 2 10, 2¢ EC ’. 1C¥C ¢S

Al 12D 70

170 CONTINUE 1crs 71
IFESU1)LEQ.AE43) AND.SI2) . EQ.ALLS)AND.SI3).EC.AL(30)) GCTO 390 MDD T2

TF(SU1Y B0 A {41V AND ST 2Y.EQ.ALRAT)™ CO'YD 340 cro 72

ER = 0 D 74

Co 12C I = 1.80 icre 15

IF (SCI) TJEQLA(LYY RETORAN — - o Tol 7

18C CONTINUE icrd 17

ER =1 ¢y 148

RETURN ud 719

c cnt EC

C ITERATE STATERENT cnp 81

[ ®{1) 3 ON “DEFEKULY =8 cro 82

c R{2) = FRQOM SEFALLY = } cCrp 23

= < Ri{3) = TIWES DEFAULT = 50 (= J A 21
TTTTRI&AY s PIulT  DEFAULY = ST CvD ™ 85

C R{S) = AICL DEFAULT = ¢ crD 86

c»p 87

—IM"!F(SI‘FHEJ [3S) ORLSTBIRETK VT ONSUTINELATSSTY REVTURN™ (D g€

T=1 CmD 89

S €O 2CC 1 = 1,6 1C*D SO
= T 200711 ¥ C T T T e T - - 1CxC " §1
= ) s AL2) crp 92
= Ctl) = at3) crD 93
_5 T CALU RMVZERIS, XY T T T T T T CHC S4&
] ¢ cc $5
= 1 4 FINC ARON "D sé6
= | - il crp 97’
= Cl2) = At44)} v cnD S8
= Ci{31 = A(32) LSS
= CI&AY = A135) Trd 120
= C1S) = A3} c»d 191
= CALL CORFRDIC S¢S0, PS,1) cue 102
= T RIET s TVARRRYINNIT Cs0 1C3
= 7 CrD 1954
= [ FIND TIMES Cul 105
= T ngC 1ce
= C12) = A1303 o0 1c7
= Ct3) = A{al) crdD 103
= T ClAY = K3} C¥D 1C9
CIS) = AL{4%) L 11C
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€L8) = AT31) cHp 111
C{7) = AL} CmC 112

T TTTCALU CORSNEIL 5. ToNNL PSS 5CY crp 113
R(3) = VARARV{NN} crp 114

c €nd 115
TCTTTFIND AYOL T T cncTlle
c oo 117
Ct2) = Al43) crp 118
TTTTTTCL3) s A0 cuo 119
Clay = AL2S) CHD 12C

CES) = A(38) cMD 121
LAY s ALYy T T T T T e - crp 122
CALL COPFNDIC,30€0NMePS,0) e e 122

RIS} = KM Crc 124
T Tt T T - TTeFD 125
c FIND #TCL €MD 126
C cre 127
e LU2) z A3y T T T T TTTeeD 128
Ay = € CrD 129

tF Iy EQ. ©) NVY 2 S cME: 130

- CALL COMFNEIC,S.E RE,PS, VY~ — — ~ = — e 121
RI&) = NM cm3 132

c c¥G 1313
TTTRINDON T T - Teer 1347
I crD 138
€t2) = AL3s C¥D 138

Ce3) = A{3§} - - - - - UMD 13T

CALL COPFNDIC.S5s3sNMM,P5,0) CaC 3128

1) = KM M0 129
TTTTTIF (NP JEQD ROIT ORIV U C¥D 140
fR = € CxD 143
RETLRN CrC 142
T T - - - - LMD 143
c INCRECER STATEXENT crp 144
< CMD 145
TTTZI0 IF (STSINEETSEI0RTSISTINERTAS 1 CRLSITISRECRTIZYT RETURN ——— CFD 1458°
T =2 CMD 147

ER = C CoD 148
T T RETARN = _m - TRE 149
c crS 150
c PCOULENAPE STATEPZINT c¥D 131
T TTTTURILIY - RAST WILL CONTRIN THRE PCOUTE NANE IR COPPRESSET FORN —— CMD 153
c . ¢re 152
22C IF LS{5) 2. AL28) .OR. S(T} _KE, A(3A)} RETURN MG 154
- % =3 -~ - - = == ———=- - - CrFO 1SS
£0 23¢ 1 = 1,20 1CRD 138

K = 1Cng 3127
TTTTTTTIF CLSHIY LEQT ASIITGU T 2RO —_— ICHD 158°
230 CCNTINUE 1C=h 1S3
CALL ERRORI1E) CrG &0

— T "R s} — ~- -t T - CHp T1£1
RETUAN CHG 1582

240 K = K + 1 X T

XS : X 1%

iF IXS .GY. &L} kS = 77 Lot

o e soms o . e e e e o e B

- :g‘:ié——;; = e -

TRET 144
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A

= F=Q Cnp 18
= {0 26C l=x,KS.4 ) 1ICrn 187
= LR ILIECR o — 1CmOT 148
= KT = [e3 1€MD 349
= IF_ (KT .GT. 80} KT = 80 1Cne 170
Ll 1Teg 171
€0 250 J = [ ,KT 2em3 172
RIUSEEIE)) 2C»p 173
290°L s LU+ 1 - - 20ng 174
CALL MAMCMP{NA,NM,NC ) 1Crd 175
: Ri{ME = KN ICry 128
= 7T IR (les .GT. €0} GO Y0 270 - - - 1Cma 177
- IF (S{1e&) .EQ. €3 68 T3 210 1CC 178
2¢C CONTINLE 1<wD 119
21 etmR = ¢ e T T — - e 189
= RETLAA €*z 121 z
= c Cro 3E2 £
= CTTTTTTRULM MCD STATEMENTY T T T - : - o 133 =
=4 c R{3} — RIS} CONTAIN THE NAME CF THE RCOULE TO BE BUX cro les =
c CxD 188 %
T ZB8LTIF {SI5Y JKE. AL25) TR, SIEY JKE. A[4S)) RETURN T T T T ¢ iss =
=3 T 24 Cwis 187 =
£=0 c®o 188 =
TTWeTe 7T - T T T T T TTTTe T T T Iz 135 =
= co 10 24t x5 152 z
= C cPs 151 5
= € T LEYCSIATIENENTT T T T T T = T = T - e 152 =
c XYL ~ REACE CONTAIN LOCATICN OF ARGUNENT c»z i3s3 E
E o D 154 =
= TTTESDTIF (S1a) LEQ, ALY JOROSISITJEC. ALY ORETORX T T T Lr2 1S
1s & L3 1S
= K =2 re 187
= - TewasQ9 - - - "= - TE£FD 163
= 30 X =K+ 1 L»g 155
= €0 3I1C 1 = x,20 =L CC
= b " IR o Y e (s £ I 15} |
= IFISCI1.EC. OF GC 1S 320 100 252
= 330 CONTIAUE ACwn 263
= 320N = ¥ T B TEmp L&
t=¢ mg 2G5
€0 220 1 = K.%L 1Cmp 225
Y L — - - T T eT1EkD 207
= ARINDY = SCI) 1C»e 2CE
= IF (S(17 .NE. RiI3}} GO TC 33D K=o 269
TTTTOUAAINY = O STt T T T . “iCwp 210
{ =t ¢ 1} 1= 211
= IF (C* LEG. 13 mALlE = AL’} 1C¥D 212
= T LALL NEMINALIY T T < b —_ = =D 213
= RiL) = 3 e 214
= A =(FK exg 2)2
= T30 (GNTIR T - T T T T e it e U
5 AA{Nel} = O {rp 217
ps SF (CF EG. 1} XA} = 218} Crn 218
=} N ¥ Y L L .7 7% I Ittt et -3 1 -
= RiLel) = {2l 229
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ER = 0 : cMD 221
RETURN tHD 222
T e i - 0223
: c GIVE STATEWENT CHD 224
: c R(1) - R(4C) CONTAIN ARGUMENY LIST CME 225
: T T T —CHMD 226
x 347 IF (S{5) +EQ. A1)} REYURN CHD 227
N T = & KD 228
T TR R 4T T CMD 226°
M =0 CMD 230
GO TC 300 cvp 231
T S e e CMO 232
. ¢ POINT STATEMENT CxD 223
¢ R{1) CONTAINS NAME LOCATION CMD 234
T o s T e CMD 235
350 IF ($(5) JNE. A(30)) RETURN CMC 226
1= cHD 237
TTTTTURA(LY C=ST8) - - Cr0 238
LACZ) = SUT) CHD 239
MA(3) = SCE) cMC 240
TTTTTTNALAY £ TS(6)T tMD 241"
NALS) = O CHD 242
CALL NAM(NAJ) CMD 243
——R(1) =4 " CHE 244
En = C CMD 245
RETURN CFD 246
T " - - tMD 247
c COMMON STATEMENT CHD 248
] NO ARGUMENT RETURNED CMD 249
T —- T e : CMD~250
250 IF (S{5) oNE. A(35) .ORe S(6) oNEe A(36)) RETURN cMC 251
1 ¢ CMD 252
e I el CHD 253°
CH = 1 CHD 254
G0 70 300 CMC 255
e Tttt T THMD 256~ :
¢ REAC STATEMENT CHD 257 E
c NO ARGUMENT RETURNED CHD 258 §
T s T e - —- cHL 256 7
370 1F (S(5) <EQ. A(13) RETURN CMD 260 §
1=9 CHD 281 4
- ER = C - ~ CHC 262"
RETLRN oM .63 :
¢ CML 264 =
“C-~ "7 PRINT STATEMENT ™~ —— — === TMD 265 E
c R{1) - R14C) CONTAIN PRINT LISY IMC Z46 3
c ZMD 267
S 380 IFT TS5V - wKEs ATI0Y I RETURN TMD268"
1210 CMD 269
M= 0C crt 21
———g g e — CrD 271"
50 TC 300 cup 272
c CHD 273
T TF~STATEMENT - CMD~274
¢ Ril) CONTAINS FIRST ARGUMENT CMD 275
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B

14 R12} CONTAIN3S LOGICAL OFPERATOR Mo
c R{2) CONTAINS SECONO G IRATCR CMD_
(o FOR[F =~ EXPRESSTON 4t YEMENT § CONYATES EXPNESSION ctx0
C FOR IF -~ GO TO STATESSRY R(4i COHTAINS PCINT VAR LOCATION cuD
c (4.1
€~ LO0F FOR TMD
(o c¥D
390 €O 420 1 = 3,80 1CMD
T S 1Cr0
IF (SU1) .EQ, A(3)) GO TO 410 1CMD

400 CONTINUE 1CHD
ER = C (o 1]
RETLRN cro

C c¥D
T LOOX FOR +* SIGN CMD
c cMe
410 L0 42C 1 = K,80 1CHD
T IR ST GEQLTATIVIGO YD SID 1CMD
420 CONTINUE 1CMD

C CHD
T F'ND GO~ 10 cMo
c ()]
Cl1) = A(43) cMe

— ClZ=TACIE) CrD
c(3) = A(30) cMD

Cl&é* = A(15) CcMD

T T CALL "COMFHOIC ¢Se 4 NV PS,OF ‘cme
1F (PS +GT. C) GO YO 430 cMD

CALL ERROR (19j cHo
TTTOERETLT 7T cMD
RETULRN cMe

43C Ri4) = MM KD
I A § U )
c cHD
c CHECK FOR ISLY CmD
T = CMD
430 C(L) = A (41) cro
C(2! = At31) cMo
T3 HTAT2E) cnp
Cl4) = AL30) CMD

CALL COMFNDIC,Ss43NM,PL,0) CMD

T IF 18S LEQLUT GUTTOTASOT cMe
R(2) = NM cMD

R(2) = ) cMp

GO TQ %80 — cHD

c cee
c CHECX FOR ISEQ cMD
T Tcvo
450 £(3) = AL4S) o]
Cl&) » A(23) cre

T CALU COMFND IC S Yo NN PSS, 07 CHD
IF (PS JEQ. O) GC T0 483 cMp

RIZ) = NM CMD

RU2Y %2~ o 4]

GO T0 4380 crp

o oo -

276
211
278
219
2e¢

2e1

282
283
2£4
285
286
z81?
288
289
290
291
292
293
294
258
296
297
298
299
300
351
3c2
303
304,
335
ki
397
308°
309
21C
nr
312
313
314
315
316
317
318
319
320
21
322
323
324
225
326
27
328
229
330

E




AL

il s RO DN
ik B R T

BB R A

i

cug 231

C
c CHECS FOR ISGT RI2) = 3 CHD 332
N T - cMD 333
460 Cl3) = At43) CHMC 334
Ct4) = AL2C) CMp 335
T TCALL COMFNDIC oS40 NHe 5,07 CMD 7336
IF (PS .EQ. 0} GC TO 470 cMD 337
R{3}) = KM ML 23¢p
T ORE2) = 3 : e of 15 B K 1)
G0 TC 480 CeD 340
470 CALL ERROR ({20} CHMD 34}
TTTER = 1 e T Cve 242
RETLAN CMD 343
C CPD 34¢
C T T FIndD IF T T -0 CHD 34%
C CMD 34¢
280 C{2) =A{44) CMD 347
- CALL COMFNCIC oS3 Z9NM,PS0Y . - - CrD 348°
IF (PS .EQ. 1) GC YO 490 LMD 349
CALL EHROR({21) cvD 350
TTTT R =1 7 Tt TCMD 351
RETURN CMD 352
490 R{1) = NM CHMC 353
— TTER =~ 77 ° ° CrPD™ 354
IF (T JEQ. 11) RETURN C¥D 355
C CH0 356
CTTTTTTPUT EXPRESSION INTSTTT =T ML 2577
C CMD 35¢
£S S5CC 1 = 1,80 1L¥#p 359
TTTSO0TSETY =T SAVIDY T 1CHD 3¢0
RETLRN cML 2¢)
c CMD 362
T T TSAVE EXPRESSIONTINSAVT T ——— 7 TTT TTTTTTOCED 363
C CHMD 364
510 K = K ¢+ } CHD 3¢5
TTTTTY=1 - T T T - TMD 2667
L0 52C | = K80 1CHD 2367
faviL) = S(D) 1LMC 2¢8
-1 § § B - 1CHD 369
520 L = L ¢ 1 1CMD 370
Si(Kk-1) = ¢ v 371
TTTTTTYT=TI2T T ot i b
(0 10 &4C CMD 3T
530 1 = 113 CrD 374
UK s KT 27T ~ €MD 375
CO 54C 1 = K80 1CME 376
IFES{I) .EQ. AlLIl)) LP = | 1CHD 377
TTSRUTIF (SIT) SEQIATBYTT RP & T 1Cvp 378
ey = 0 cHMn 376
S(RP) = C CMD 38C
—_——P =P el e — - CMD 381"
AP = RP - 1 CHD 302
AV =} CMC 283
TTTTXRITET CHD "384
CC 560 I = LP&RP 1Cro i85
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IF (St1) EQ. AL2)) S(I) = 0

1C¥D 386

AAIKL) = S(I) 1CHD 387

1F (SUT) AEe 0 AND.T NE, APV GO TU 530 1CHD 3£8

AA(K1lel) = O 1CHE 2865

CALL NAM({NA,K21 1CMD 390

AV = NV ¢ 1 ~{cvD 391

Ri{NVel) = K2 1C#D 392

_Rt2) = Nv-1 1CHL 262

Kt = € . T st T T T 1CMD 394

550 K1 = K1 ¢+ 1 iCvD 365

560 S(1) = 0 1CMD 396

P = LP - 27 TTTTocee 361

L 20 CMD 398

L0 570 1 = X,LP 1CMD 399

L=t 17777 - - - - TTOTT TTTTTICME 4C0

570 NA(L) = S} 1CFD 4C1

CALL NAPCHP(NASNAME,NC) CMD 402

L0 S8C § = 1,20 T - TT1CMD 423

K = 1CuC 4C4

IF (JABL{I,1) LEG. NAMPE) GC TC 600 1C»D 405

TTOTTTUF (TABLET L) LECS OY GOYOS96 T T T T Tt Tt T T T U 1CMD 496

580 CONTINUE 1C#D 4C7

CALL ERROR(27) CMe 4Ce

TRETLRY ~ 7 - T = CMD 4C9

S9n TALL'K,1) = NAME CMD 412

TABL(K42) = A, ceL 411

TCUTTRELY 2+ K T T T — s - - - - —T  CMD 412

ER = 0 CMD 413

RETURN CHD 414

TR R\ KT T T - ctve 415

En = C CvD 416

IF (TABL({K 2} .EG. NV ) RETURN cMD 417

TTTTUTCALL ERAOR(28)YT TT T - TTTTTTI T OCeD 418

ER = 1 cHeC 415

RETLRN CK0 420

: o . T TS Tt T T rsTmT e o e TTTTTT T KD 421

e c INITIALIZE STATEMENT CMD 422

= ¢ CMC 423

- TEITD0 E2C T = 1107 - TTTT T OTTTT T ICMD 424

= 620 St1) = ¢ 1CPD 425

S £0 330 1 = 2,10 1CMD 426

4 CO €30 J #1432 —~ —  ~~————~ ——— 70—~ T 2CMD 427

P1 = | 2CMD 428

5 P2 = J 2CvD 429

E - “IFIEQUIZ,P14P2) LEUTOY GU 1O 640 — - - ZCHC 420

- €30 CONTINUE 2CMD 431

= CALL ERROR{31} CHMD 432

= “TE&0-CTALL RMVIERIS,N6Y - ~ CMD 433

= £O €¢5C f = 1,16 1CME 424

= K = °* 1CHD 435

——KA{1J ="S{1) 1CPD 436

'; sty = @ 1CHD 437

= IF INA(I) JEQ. A(l)) GO 10 660 ICMD 428

2 TBSURALIeI} F0 T 1CHD 439

= 460 NA(K) = O CPD 440
= 144

e
) et 1

0 e
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CALL NAMINA.K) CHD 441
CALL RMVZER(S.N6) CPD 442
: T TEQUU2 L, P2 2 K (L EES I
{ €0 67C 1 = 1,16 1CHD 444
. K st 1CMD 445
T ALY EST " 1CHD 4e6 ™
S{1y = 0 1CNE 447
R IFt NAUT) JEQ. A(3) OR.NA(I)} .EQ. O) GO 10 680 ICMD 448
BTO NAl[«1Y "2 0 1CMD 449
680 NAIK) = O CRD 450
CALL NAM{NA,K) CHE 451
. EQLIZ,P 1 P21y =X - "CMD 4527
£2 = 4-P2 CMD 453
PL = Pl ¢ (3-P2172 CMD 454
T T CALL RMY2ER(S,N6) CHL 4557
IF (NE .GT1. C) GO TO 640 CHD 456
ECUL2,1,3) = P2 CPD 457
- T =" 14" T CMD 4587
ER = ¢ cre 455
RE TLRY CMD 460
"890°IF (S(S5) .LE. A124))Y TGO YO 100 CrD 4617
1=¢C CML 4¢2
R = C CMD 463
T T RETURN — - C¥D 464
700 £C 710 1 = 1.4 1CHD 465
710 S(I) = O 1CMC 4ée
T TTCALL RMVZER{SKT CHMD 4671
€0 72C 1 = 1,K 1CHD 448
= 720 \ACE) = S(1) 1CMD 469
= T TTUKALKeLY E T i . CrD 47C°
CALL NAM{NA,K} CMD &T1
= T =15 CPD 4172
= TTTRILY S KT CMD 473"
21 ER = € CHD 474
=3 RETURN CrD 475
—TTTEND T THMD RS~
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SUBROUTEINE COPFNCIC,SoNoNMyPS,R) (o
INPLICIT INTEGER({A-U), REALIV-2) Cnr
~ INTEGER®Z EQUILCO0,10+45,PRTLST(SO) CHF
COMMON /MOD/ VARARY{62C) ¢AAMARY(4CO) +EQUoPRTLST cmF
COPMCN SGEN/ ALBETI50) CMF
— CINENSTON Cl161, S(807 5 KA(16) CHF &
= PS s C CHF
E NM = 401 CMF
e TRt s T T T CrF
= 100 €0 11C 1 = ST7,80 1Cpe
XK= 1CeF 11
E T IFTISUY JEG. 0V GO TOT12D 1CMF 12
IF (StI) .EQ. C(1)) GO YO 170 1CHF
110 CONTINUE 1CHF
5 T120 IF (R LEQ. C)Y RETLRN ~ T oo B T CMF T 15
= 130 DO 140 | = 402,600 1CPF
= XK= 1CHF
TTOTTAF ULVARARYTIY CEUL. RY GO YD 180 1CPF
= IF (VARARY({!} .EQ. C)} GO T3 150 1CMF
E 140 CONTINUE 1CMF 20
TR = - T - - CHF 21
= CALL ERROR(2) CPF 22
= NM =2 0 CMF
= RETGAN™ CHF ™24
= 150 VARARY(K) = CHF
= 16C A® = K CVMF
TTORETURN T - CMF 27
170 XS = X ¢« N~} CrF
ST =% ¢ } CHF
I O | CMF "30
€C 180 I = K,XS 1CPF 3}
IF iSt1) .AE. C{L)) GO TO 100 1C¥F 32
T80 L e L o7 1CMF 7 23
00 190 ! = KyK$S 1CHE 34
160 St1) = @ 1CMF 35
TTTTX = xS ETY - - CMF — 26
L=¢ CPFE 27
£0 200 I = K,80 1CMF 38
LI | 1C¥F " 38
IF (S{I)} .EQ. O .OR. StI) .EQ. ALBET(3)) GO TO 210 1CMF  &C
LstL el 1ICMF 41
TTTOAMLY RS B 1CHF ~ 42
200 st1) = 0 1CHF 43
210 AA(Lel) = C CHF 44
T TTAUL NAMTNAGNNT CMF ™45
PS = 1} CHF 48
CALL RMVZER(S,K) CMF 47
TTTTRETLRN T T —— e -= CMF “48
END CMF 49
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3

IMPLICLY INTEGER(A-U) REALIV=-2) NN 2
TCIMENSION S(80).R(&40T NATT6) #WiN 3
LOGICAL Cm "IN &
INTEGER®2 MNPGI1CC+6)PRTLST(100) »SETLSTI100) [T

coMmMCN /8UG/ DERUG RIN 6
COFMON /PAIN/ VRB(620) (NAFS{400) «MAPGPRTILSTGETLSTFAINM(200) MIN 7
COMMON /ALL/ VLST!50),FODNAM(30,5) MIN _ &

- "COMMON /GEN/ ALBET(50) T T HINT 79
INTEGER®2 EQUL30C,10,4) MIN 10
COPPCN /MOC/ VARARY(£20)+MAFARY(400),EQU MIN 11
T o o1ec 1 = 1,100 ) IMNIN TIZ
€0 100 4 = 1,.¢& 2MIN 13

100 »NPGLI,J) = O 28I 14
TTTTT OEQ = 2 Tt T T - TMINT 1S
RC = € MIN 1lé

APT = 1 MIN 17

) AGY = ] Tt T T T o T MINT 1S
CARC = 0 #IN 19

11C REAC(]1,12C,ENCx320) S BIN 20
TT120 FCRMATIBOAYY - - MINT 2T
CARD = CARC ¢ } HIN 22

IF (CARD .EQ. +0R, CARC .EQ. 60) WRITE {3,120} MIN 22
TTICTFORMAT (*1?) TTTMIN 247
CrT= 81 HIN 25

AT 2 0 MIN 26

T aAB 2 C T CT 77T MIN T 27
£O 14C 1 = 1,80 ININ 28

XK =8} -1 IXIN 29

T T IFISEK) JNEL. ALBETIIIYY NRT T : IMINTT30
IF(SIK).EQe ALBET(13) L.AKC. NRT.EQ.0) NB = K IMIN 31

140 IFUSIK).EQ. ALBET{50)) CHT = K ININ 32
T IFICMY .EQ.81) GC TO'160 ) - MIN 33
ATHS = 114~ NB HIN 24
WRITE(3,15C) CARCoUSUIDel = 14CHTIo(ALBETI13) 41 =1 NTHSIo(SEI)s0= NIN 35
TTTTTUA CEYLAA) T T MINT 36
150 FORMATISX, [3.2X,120A1) miN 37
co 10 170 min 2g

T1€6C WRITE(3,3i5CH ZARD,S ~ s s e e MIN~ 39
170 €0 180 ¢ = I¥IN &0
180 IF(SCIl LEQ. ALBEHX3) +ORe | .GE.CHT) S(I) = O IMIN &2
T 7 TTCALL RMVZERES,X) T T v — MINTRY
IF{XK.£92.0) G5 TO 110 RIN 43

c ¥IN &4
T~ CHECK FCR BEBLG — ~ — — — =~ RINT4S"
c HIN &6
IF (S{1) JNE. ALBET{46).0R.S{2).NELALBETISSI.OR.S13)NELALBETIAS) MIN 47

T TR T JOR.SIR) JAELALBETI29) 0R. SIS NELALBETIS3)) “GCTTOIOD MIN TA8
PNPGI1.18 =2 1 niN &S

¢0 10 11¢C nIN SO
TTIGU CONTINUE "~ - MINTS1C
CALL COMNDIS,T,R.ER) nIN 52

IF tT .EQ. €) GC 10 340 MIN 23
TTTTTTIF LY JEQS 1SV TGO CTORAD — MINTS&”
IF (T .KE. 0 .ANC. ER.E£Q. 0) GO YO 210 KIN SS

SUBROLTINE MAININ
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2CC CALL ERROR(2&) MIN 56
L €O TC 110 ®iN 57
= 2I0CO 10 1226,200423072305240,200,270,110,28052903370.200Y, Y —— HIN ¢8
= €0 7O 2€0 MIN S
= 22C MNPG(EQ.1) = 1 MIN &0
= T TTTPNPGLEQE2) 2 RUTY - - »INT 61
= YNPGIEQ.3) = R(2) MIN 62
= PNPGLEQ,4) = R(D) MIN &3
= T TTENPGIEQ.S5) = RI4} T e mIN~ 64
#NPGLEQs6) = R(S) MIN 65
= EQ = EQ o} MIN €€
= T I 1le T T T s s s m s e s uiN 6T
c Min 68
c RUN MCD STATEMENT MIN 69 ;
T - T T T T T T T T T A 18 =
4 230 CALL MDNAMEIMNULR) MIN 71 a
PRPGELEQ,1) = 4 MIN T2 £
= TTTT O PNPGLEQ,2) = PRU T TT T TS T o s o meme - e MIN T3 2
= PNPG(EQ,3) = RC #IN 74 E
= €EQ = E0 « 1 MIN 75 =
T Rp = ¢ - e R T VR 73 z
€C 1G 110 RN 77 z
c MIN  7E E
T T GET STATEMENT -~ -~ —— - - e T TR L 3
C i 83
240 AND = NGV ¢ 40 MIN £l
= PNPCLEQy1) & § —— T - s oo e e - " MIN B2
FNPG(Z0,2) = NGV PIN 83
K =1 MIN B4 =
TTTTTTILR 2SC 1 2 NNDGNGY T T T T T T e TTTTT T Tt e g8
IFIR(X! LEQ. C) GO TO 260 MiN 86 E
= GETLST{I) = R(K) imIN 87 z
E 50 K =Ke+e}) " - - - - T T T IMINT g8 g
260 PNPGIEQ,3) = 3 MIN €S 2
NGV = J ¢ 1 MIN S0 E
T EQ * EQ + 1 e e e T D) E
GO 1G 110 nin 52 E
C ®IN S) 2
T " POINT STATEMENT—— ————— "~ =~ — = —-— ——— - T OMIN G4 4
¢ KIN S5 3
270 VARARY{R(1)) = EC mIN 56 E
—~ T 7o 10 110 e - MIN 97 =
c #IN 98 E]
c READ STATEMENT MiN  $9 %
I e e e = . MIN 1CC k|
2BC RD = 1 MIN 101 E
GO TG 110 MIN 102 |
— - - -- - - - MIN 103 E
C PRINT STATEMENT MIN IC4 §
C MIN 195 E
290 ANC =2 NPT ¢ {0~ — —— "~ oo - *IN 136 2
PNPGLEQ.L) = 10 NIN 107 E
q PNPGIEQ.2) = NPT NN 1CE E
e ——xr— — —- NIN 199 32
= £0 3CC 1 = NPT NND 1IN 1190 §
= 5
~ -~ - o :
= 143

A AN

B




bl b

IF (RIX) .EQ. O) GO TC 310 IMIN 111

Jd =1 IMIN 112

T PRICSYCEY = RTX) ININ 113
WCKsK o1 INIX 114
310 FNPGIEQ,3) = J MIn 115
€EC = EQ + I MIN 115

APY =3 ¢+ ) nig 117

(0 10 11¢ nIN 118
- - = minT119°
c IF -~ GO I0 SYATEMENT niN 126
c niN 121
TTTI0TMNPGIEQ,IY = 11T MiN 122
PNPGIEQ,2) = R{1) miK 123
FNPGLEQ,2) = A2} mIN 124
et FNPCIEQ,4) = R(3)’ MIN 125
PNPGIEQ,53 = R{4) Min 126

EQ = EQ ¢ 1 Ml 127

“¢c To 118 T - _- MIN 128

330 CEBLC = MNPGILI,1) mIN 123
RE TURX pIN 139

T30 £0 35C 1 = 1.¥6 77 - T OTIMIN 12}
X = } Ml 132

NAil) = St1) 1miN 123

- 1y =0 T TTTTT OIMIN 134
IF (MALI) .SQ. ALBET(1)) GO TC 380 IMIN 135

350 AAllel) = ¢ MmN i3
TT3EC MAEIKY = 0 T T T T - MIN 137
CALL NAM{NA,K) PIN 138
PNPGLEQ,1) = 3 nixn 139

T T OMNPLUER.2Y = K T 7T N MIN AL
PAPLIED LY = 401 ®iy 1&2
PNPGIEQ4) = ) nin 142

TTT T PNPGIEQ,L,SY = 4017 RIN 143}
CALL R¥yZ2ER({3,K} RiN I1&4

APS = 3 MIN 145

TTTT U OIF 1S41) .EQ. ALBETUISEF TGO YO 400 —_—= MIN 345
370 IF (541) .GE. ALBZTI23) .axD. S{1) .NE. ALBET(8Y}) €O YO 410 nIN 147
€0 2eC 7 = 1,5 IMIN 145
TR = et INEH 145
ML) = SCI) ININ 150

IF £501) JEQG. ALBETISY JOR, SE13 .EQ. ALBET(10)) GO 10 39¢C ImIn 1351

e 1Yy = ¢ - s T e IMIN 152
38G AA(1+Y) = ¢ 1mIN 153
360 NAIK) = O Mi% §54

- CeLl NAPINA.X} - T o i ®IN 155
FNPGIEQ.NPSY = K nIN 15%

CALL RMVIER{S,r} HiN 157
TTTTOIF UK JGT. O JAMDY MPS T1T. 55 T6C TL SO0 T i~ 138
EG = EQ ¢ 1 HIN 159

G0 IT 110 niN 1462
TROOTSGN = 1 - nIN 181
IF [S(1) .SQe ALBETIS)S $5% = =1 MIN 182

€ty = ¢ MIN 153

TT T CALL RMVZERIS.K? HIK 154
PEPGIEQ.4) = SGN Rix 145
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A?3 = S nix 246
G0 1g 370 NIK 167
"RIONST = NIN far
CO 42C 1 = 1,X ININ 169
AAELD = SEIY IRIN 170
TTOURMIANY =T IsIn 171
IF (StI) JEQ. ALBET(45)) NST = 2 min 172

IF (SUI) .GY. ALBEY(12) LAND. NST .LE, Ol GO ¥O 430 Inin 173

RST = NST =T Irin 374

420 St1) = O InIN 175
430 CALL NAFNA,K) NIN 176
FHPGLEQ.,NPS) = X~ o HiN 17,
CALL RMV2ER{S,K) niN 178
17 tK «GT.L AND. KPS .LT. 5} GO 1O 370 niN 175
EQ i EQ 671 win 189
€L 10 i10 »IN 151
440 PNPGIEQ,1) = 2 nip 182
T PNPGIEQ,2] = ROIY nin 13
£Q = £Q + ] MIN 184

€O 10 110 MmIK 185

- ERD - T 7 THIN 186

i




SUBROUT INE MANSET
IMPLICIT INTEGER (A-U),REALIV-2)

nsy 1

T T INTEGERS2 PNPGIICC 62 JPRILSTII0DY,GETLST {100

INTEGER$2 SCU{10C,10,4)

COMMCN FMRAIN/ VYREB{620) NAPS(400) MNP PRILST.GETLSY,PAINN{200)

TTTCOMMON sMGD/s VARARY(E20),KAMARYI400Y.ECU
COMNGN 7BLG/ DEBUG
£C 1CC § = 1,4C0
YRB(I) = VARARY(]}
150 MANSI ) = AAMARY(I)
€0 119 { = 401,620

T110 wABl1} = vamARY(}}
IF (LEBLG NE. 11 GO TO 140
BRAIIE 12,1203 (PAPGIled)ed = 1460

£0 120 1 = 2,100 Tt T
IF IVAPGII,1) LEC. 0) GO ¥C 140
120 BRITE 13,1201 IMAPGET,30ed = 1,6)

TYI3D FOCMAY {[/.€14)
140 RETuRN
| 31

nsY 2
nSY 37
NSy 4
nst S
WS &
nsY 7
1msTY 8
InsT” 97
ST 1C
1esT 11
IesST 12
NST 13
neY 14
1787 1S
1eST 18
ISy 17
“BST 1#
nST 19
»sT_ 20

AT P
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SUBROLTINE STOPDD{PCDKANM,FOONUP)
IMPLICIT INTEGER (A-L)REALLIV-2)
INTECER®2 EQUILICC,3Ce4)4PRILSTLSO)
COPECK /¥0OC/ VARARY{6201¢4NAMARY(400),EQU,PRTILET
COPECN JGEAN/ ALBET(50)

w
[
x
. S VI PO VR

T T LIFENSION STL2C) ,vCD%AM(S) T T T TeIM T

NE = MODNLM o ) STM

IF (»CDNa®(1l) .%NE. 1) GO 10 100 ST

TTTTIFCECLETe1.1) JLE. O) RETULRN I ¥ {
AS = EQULIL1,1,1) ¢ 1 SI* 1C
READ t5°M5) (ST{(1),1=1,20) STH 1
T OAREC = ST(E} Tt/ T s T SI» 12
G0 ¢ 112 STM 13
100 REAC(S91) AmOC NREC S 14
T 77 A& = KREC ) =T T T N S (A Y
STL&) = KREC SIR 16
110 1y? = 1 ST 17
TTTI0 127 1=1,12C.S e TTTTT T TS T T T T 18T 1
IFLECU(le1,1).EC.0) GC TO 140 151 19
€= 1 +4 151%  zC
- RIITELSONRECIVOONLIP TYP, L LLEQUII XL ), l2l,4),K22,10),321,8) 7 18T= 2}
€0 12C 3 = 1.5 2512 22
€C 120 k = 1,1€ 35T 23
G 122 L = 1,4 . . ’ - L5724
3120 EQLIJS.X,L) = C LY 2%
13C AREC = NRIC ¢ 1 151 24
140 STL(T) = NREC -1 - ST 27
e = 2 STH 28
PRITELLCNRECIMODNLM, TYP, [ VARARY{ 1),12201,2001} S 29
AREC = NREC ¢ 1 - - - SI® 30
SRITELCONREC IMCONUS, TYP, (VARARY(1),12301,400) s 2}
AREC = NREC o 1 Si 32
- 3yP = 3 - - STH 13
SRITELG O NRECIMCOAUN, TYP, IVARARY([),] =401,500) SIm 34
= ASEC = KKEC ¢+ 1 Sim 35
= T O RIITELS'NRECIVOOALY, TYP L IVARARY( 1), 12501,40C) - B - Sim 3t
= SREC =z NREC o ) Sw 37
= 1YP = & SIP 23
= T WRITE{&CNRECINCOANLN,TYP, INAPARY(I),1 = 1,100} ~ — 7T sTM 38
= AREC = NREC « 1 SIm 4C
3 BRI TELS*NIECIPCONUS TYP, CAAPARY (1,1 = 101,230) ST &1
E T TAREL T NRAEL e ] T T T - SIv¥ &2
= 2R ISL&*NASCIVCOALM, TYP, (AAPRAY (1), = 201,300) SIY a3
: AREC = wAEC o 1 3 LA
= T WRITEILONRECWMDAUN,TYP, INAMARY( )1 = 321,400% . SI¥ &5
= ASEC 2 NREC o 1 SIH 46
= IYP = S SI® &7
= WRITE(L PN SCINOCHLP, TYP,IPRTILSTIIT,131,50) TOTTT T ST &8
= AREL £ KREC o 1 SI® &%
= 150 IF (wCouAr (1) LEC, 1)} RETLRN SI®  S3
= TOTTAMGS = NVGE e ] L L
= C3 1€C 1 = 1,5 ist= 52
= 180 STE21 = »OINAM(]) 1STP 53
= - PRITI(S'NEILSTIIN,T = 1,20) ) i T 7T s e 54
= BRAETELS* 1I0VGTNREC SIm 55
4 RETLAN ST 58
= EI‘G S"V 5?
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GT TC 1240,350,26€0),1G0 ARN  SS

SUBROLTYINE RMAINRN 1
) INFLICITY INTEGER (A-U) JREALIV-Z) 2
) INTEGER®2 PNPGI1C0.E) PRILSTII00)GETLST{IB0Y RN~ 3
COMPMON /MAINZ V  (620) 7% 1400) oPNPGPRILSY GETLSTY , alNN{200) MRN &
COMMEN JALLZ VLSTU50),FCLNAP{30,5) HMRN <
TOMMD% /MOD/ VRB(620) ,MaNSE400Y ~— — 7 T MRN- &
CCPHeON 7COPFNZ STPLOP ,STTREG,STPUEG,CCPL200) MRN 7
sRITE €3,1C0) RN a
. 100 FORMAT {01s) - ST : T MRN™ S
£O 110 1 = 1,5TpCCH IeAN 10
110 A#{1) = cOril) INAN 11
T o= 2 Tt T/ T n3y 12
. vin = 1.224S8E-12 mRx 13
120 IF traPGLIP,1) .EC. O} GO TC 270 ARK 14
- IGO = MXPGIIP,1) e Tt Ot MRNT 15
€O 10 (130,29C,260,150,120,140,140,140,140,200,230,14C),160 RN 1¢
a2 4+ 1 MRN 17
- v Tg 120 R T - TMRNTT 187
120 Care ITCHKRIIP,CGA) N 19
IFICGA .EQ. C) 1P = uxrclz!.n -1 MRN  2C
B P 2 1P o 1 =t TT—trTemT s T MRN - 21
€S 10 120 ey 22
140 1P = IP ¢ 1 N 23
© 68 10 129 - T = - THSN T 26
150 FCNU® =2 MNPGIIP . Z) Ny 25
CALL GETMOC(MDNLYP) NRN 28
TTOIF (eGP, 3) JEQs IVTCALL CATAIN T 7T KaN— 27
IF (PG (1,1) LEC. 1) MRITE 13,1460 (MODNAMINDMUN,I),1=1,5) MRN 28
160 H:Rn: g4 u“o'.SAu MRN 29
LAty JyNeQC R 1. B ] o
!F M2 Clle1) EQe 1) CALL BUGPRY xay 31
e 170t = l'STPCCH 10RE 32
170 vild = vR8(1) ) R ’ o IMRN T 3IY
2 = P « 1 AN 24
0 10 12¢ MRN 35
180 S = wapG(1P, 27 T T T Tt T T T T T MR 36
€T = #NPGLIP,3) nanN 37
X = } MRN 38
TTOD0 183 1 = S,.57 _ IMRN ~ 39
SIGETLSTII)) = VLSTIK) IRRN 4O
150 £ = K ¢ 1 IMRN 41
Iz [P s 1 T T T s T ‘WRN T &2
GG IC 120 FaK &3
268 5 = PAPGLIP,.2) HRN 44
53T = wNPGLIPL3Y = T T NRN T
1F {MXPGEIP-1,1) .NE. 1C)} WRITE (3,210) NRN 46
210 “CRMAT {/,%5X,CONTRCL MOGOULE?} FRAN &7
. BRITEL3,22C) (NMIPRILSTUINISVWIPRILSTITN Y s & S8y MRAIN " 4E
= 22C SORMATIS(S) £4,% = S,1PE13,43) TR &S
= - IF = JP ¢ |} "IN SO
— e ICc 120 - - - NRMNTTSY
= 230 158 = unPG(IP,]) MRN 52
=1 (FLV{YNPGL w.2n.eo.uﬁ.m.wmssup.u: EQ.VUN.CR.VIMPRPS( 1P, £)) mRN 23
= - & LEQ.VUNI GO TG 300 . T T e — RN S&
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240 IF {VINNPGIIP2) 2 .LT. VIFNAPGIIP 4} )IP = VINNPGL 17,50 )~1

IP = 1P o}

&0 Y0 Y20

250 IF {v(nNPCIIP 2} 3.EQ. VINNPGLIP 4521IP = VIRAPEIIP,5] )]

IP = 1P ¢ 1
€6 16120

260 IF (VINNPGIIP2)).GT, YVIPAPSLIP4))IP a VINNPGIIP,.5)1-]

P=IPr e}
<O 167120 Tt T T

270 RETURN
280 IF(VIPNPGLIP 9311 S0 VN CR.VIFNPCILIF,51) . EQ.VUNR)

VIRNPCI 1P 2T) = VIENPSITP 35 Yo rkPCTTV RT3V INNPLITP ST
IF (PXPGLIP,2) JLE. SYPLONY VYRBIMNPGIIP,2)) = VINNPGLIP,2)2

IPp = 1P + ¢
€3 16 120 77 ) T Tt
28C 1P = WIMNPGIIP,L2))
€C 1C 120
TI00TLALL EAROR{34) - -

CALL POLNP VL1 ,PNPGLICO,63,C)
ETLRY
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SUBRCUTINE ITCHK{P,CON) 1CK 1
IMDLICIT INTEGER(A-U) JKEALYY~-E) 1CK 2
T "TINTEGER®2 ¥ (1C0,6)sPRTLSTITIO00) ,GETLST 100} 1CK 3
COMMON /MAINZ V(c2C) ¢N(4OC) 4P PRTILST,GETLST ¢MAINME20D) 1K 4
CIMENSION 1712,10),VALI10) 1CK__ 5
fFICON NE. -7 ) GO TO 116~ — T T 1Ccx [
€O 1CC I = 1.10 11CK 7
1CC IT{1,I) = O 11Cx 8
TTTTTRETURN T TToTTTTT oromTm T (o G-
110 €O 12¢ I = 1,10 11CK 10
K = 1 11CKk 11
- 1F IP.EQ.IT(1,1}) GO YO 150 T T T i1CKk T 12
120 CONTINUE 11CKk 3
CO 13C I = 1,1¢C 1I1CK 14
TTK s 1 ’ Tttt st/ 1I1CKT 187
IF {IT(1.1).FQ. 03} GO TO 140 11CK 16
130 “ONTINUE 11CK 17
TAOTIT(14K) = F T - 1K " 187
1T(24X) = 1 ICk 19
CON = O {Ck 20
T IF (P(P,2) ",EQ. C) T RET ixN “fICRkTT 21
VALIK) = V(M({P421}) Ick 22
RE TLRN ICK 23
TIEY IT(2,K) F ITI2KY ¥+ 17" ™ ICK™ 24
CCii = 0 {CK 25
IF (M(P,2) .EQ. C} G3 YO léO ICK 26
TTUTVL o= VALK T T T T T - (o Sm-¥ A
V2 = VIM{P,2)) Ick 28
VAL(K) = V2 1CK 29
T IF (ABSIVI-V2) LLESVIRIPGEIIICON. <1 7 7 ICK T 307
IF (ABSCIV1=V2)/V2)%10 LE. VIM{P,5))) CON = 1K 31
160 IF (1¥i2.K) .GE. M(P,4)) CON = ICk 32
TTTIF (CON EQe OV RETURN ™ — —— j 55t Sk
I,y =¢ K 34
IT12,K) = € iICKk 35
T T RETLRN ° T - T 1ICK ™36
END Ick 37
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SUBROUTINE GE fROU (MNY
IMPLICIT INTEGER(A~U)REALIV~2)

INTEGER®2 EQ (100,10,47,PRTLST{S0T
COMMCN /MOC/ VARARY(£20) ¢NAMARY(400) 4EQ +PRTLST
CIMENSION ST{20) ,MOONAM(S) _

T POCNAY(LY = 1 T Tt
IF (ECI1414+1) LEC. MN} RETURN
NS = PN ¢ )
CALL STOMOC(MODNAM¢MN)
REAL (S5ON3) (ST{l2.1 = 1,20)
AREC = ST(6)
€O 10C I = 1,1C0,5 -
IF (NREC .CT. ST(T7)) GO YO 110
€31 ¢+ 4
T READ (4°'NREC) NAP, TY 1 [(E08J,Kel) o104 . 3K21,10) 3208V~ ~— 7
100 AREC = NREC + 1
110 REAC (4'NREC) NAM,TY,l JARARY{1),12201,300}
"TTTNREC = NREC +71 TR i T - : -
READ (4°NREC) NAM,TY.l VARARY(1),1=301,400)
AREC = NREC ¢ 1}
T REAL (4'NREC) NAM,TY,{VARARY(1),13401,500C)
NREC = NREC + 1
READ (4*NREC) NAV,TY {VARARY(1),1=571,600)
“ARECTZ NREC +°1 T ) c .
REAC (4'NREC) NAM,iYet NAMARY([] 41214100}
AREC = NREC + 1
READ (4°*NREC) NAN¥,Ty,l NAMARY(I)},1=101,200} — I
A"=C = NREC ¢ 1
AU {4 INREC) NAM,TYel NAPARYU1),!=201,300%
AR_ . "2 NREC ¢ } ~ - -
READ (4°*NRECI NAP,TY,{ NANMART(]),1=301,400)
NREC = NREC ¢ 1
READ ‘IV'NREC”NQPQTVQ! PRTLSY(!’Q‘=I'SO, -
EQUlsl¢l) = MN
If {EQ(2+1.1) +EQ. )} GO C 120
=TT CALL ORCER(INO) T - Tt T T T -
EQL2.1,1) =1
120 RETURN
END T T

16T
1GTH
GTM
‘GIM
GIm
GTM
GTM
GIM
GTHM
(L]
cT™
Gy
GIM
GIM
GIM

T GIM

GTM
Gy
GT™
GTM
GTM
GIe
GIM
GI¥
CTH
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SUBROUTINE MDNAME {NUM,NAN) HON 1
IMPLICIT INTEGER (A=U),REALLIV-2) MDN 2
T TTOMMON /ALLZ 'WLST(S0) 4FODNAMS30,5F — — — MONT T3
CIMENSION KAMIS) MDN &
€0 110 1 = 1,30 IMON 5
TTTTAM = [T T ION— &
IF (MODNAM{I,1) .EQ. O) GO YO 120 IMON 7
1F (NAM{1} .NE, FCONAM(1,1}) GC TO 110 IMDN 8
- Lo 16€ 41,5 T omroT - MEN T 9~
IF {NAM(J) JNE. FODNAMLE,J%) GC YC 110 2MCN 10
100 CONTINGE 2MDN 11
T TRETURN T T T T e IMCNT 12
- 110 CONTINUE INEN 13
CALL ERROR(23) MNN 14
— KETURN T T T T o m e e ) MDN™ 18”
120 €O 13C ! = 1,5 IMCN 16
130 MODNAPINUM,I} s NAM{I} INCN 17
T TRETWRN T - - TTTHON T 187

ENC #DN 19
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SUBROUTINE TABLIN(S) TN 1
IMPLICIT INTEGER(A=U) REALIV-2) ) TIN 2

T COMNON /GEN7 Al%CY TIN 3
COMMON /MOC/ VAR  (62C)oAAN  (400) ] TIN 4
COMPCN /TAB/ TABL{20,2) TIN 5

T CIFENSTON SUR0)SCTTE) JRSTTIT V600, Xt I00) , VITOOY 211007 YIN 6
NSZirt = | TIN 7
NSEE2) = ) TIN 8
TTONSHAF R LT T T - T TIN 9
Ctl) = A(3¢) TIN 10

€(2) = AL4S) TIN 11
TN R R T TINT 127
Cla) = AL4S) TIN 123

C{S) = a(1) TIN 14
TTTTTCALL COMANCIC S S ANGDPSOT TINT 1S
00 100 I = 1,80 ITIN 18

IF (S(f) .EG. O) GG 70 110 ITIN 17
TTTTTIRTISUI) L0 ATINNT TR E T X ITIN 18
100 1€ (SUI1) JEQe ALE)) RP = | =~ 1 1TIN 19
110 AV = 1 TIN 20
TTUUR e T - TIN 21
€0 12C | = LP4RP 1TIN 22
LalLet 1TIN 23
TFISE1S JCC ATV (I =10 1TIN 24

clLy = st 1TIN 25

1F (CIL) .NE, O AND. P NE. 1 ) GO YO 120 ITIN  2¢
TG IY w0 1TIN 27
CALL NUMINPIC,VR) 1TIN 28
ASZINV) = WR 1TIN 29
i ¢ T T T : - - TITINT 30
AV o KV ¢ ) 1TIN 31

120 Sfi} = 0 1TIN 32
S TS - - = e TOTIN 22
WRITE 120120) NAMINM)GENSZETI) ol = 1,KT) TIN 34

130 FCRMAT (//,SXo*TABLE *9A&e3X¢*SIZE = *4T26¢13¢7304134729¢%4%5 734, TIN 35
TTTATI3,143,%, T T TIN 256"
BRITE (3,25C) 1IN 27

(O TO (18C+160,14C) oNT TIN 38

IR0 SRITE (3,150) " —~ e 1IN -39
150 FORMAT (949,8X,02%) TIN 40
160 WRITE (3,170) tIN 41
“17C FORMAT (%¢¢,19X,2v"Y TIN™ 42
180 WRITE (3,15C) TIN 43
152 FCRMAT (%49,32X,X") TIN 44
TTTUKT = NSTU1)ONSZ{Z2)ISNSZIIY — TINT 45
NXT = NSZ(1) TIN 46

AYT = NSZ(2) TIN 47
TTTTRITTENSZUY) T TIN 48
REAC (102CCoENC22CC) (XJ1)ols1,NXT) TIN 49

200 FORMAT (3E10.5) TIN 50
WRITE 13,2500 - TIN - S1
BRITE (34210) (XU1),1e14NXT) TIN &2

210 FORMAT [%¢7,27X,E{2Xs1PEL104) 0121/ 426Xe8(2Xs1PELL.4))) TIN S3
TT T IFINYTTLEC. 1} GG 107220 T T - TIN “54
PEAD (1420C,END=300) (Y(I)elmloNYT) TIN S5

N ———— e e = wme e = - et e m— e cme - ———————— = - —_—— [
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IF (N2T .EQ. 1) GO vO 220 TIN S6
READ (102000END=300) (2U1)el=loNZT) TIN_ 57

T220 NS T TIN  Se
NST s NXY TIN 59
WRITE 13,250} TIN 60
TO7260 1 =7 1,RIY ITIN 617

IF (NV .GT, 3) WRITE(3,240) 2¢1) ITIN €2

IF (NV ,LE. 3) WRITE (3,250} 1TIN 83
TTTC0 2607 = 1NYT T T T T 2YINT 64
IF (NV .GT, 2) WRITE (3,230) Y{J} 2TIN 65
REAC(14200) (VIK)4KaNS,NST) ETIN €€
RRITE (3,210) (VIK) ,K=NS,NSTT ’ 2TINT 6T

AS = NST ¢+ ] 2TIN 63

230 FORMAT ('¢°,14X,1PELL. .4} 2TIN €9
TT24C TFORPAT [ /92Xo1PELL4) i 2TINTTT0°
IF INXT .NE. B) WAITE (3,250} 2TIN 71

250 FORMAY {* *) 2TIN 72
T260 AST = NS ¢ NXTSTLT ZTINT 737
K =z 1 TIN 74

€0 21C | = 1,20 1TIN 75
TTTUTTIF LTABLUILLY) LEQ. O0YT GOTTCT2M0 1TIN 76"
IF (TABL(I,1) .EQ. NAM{NM)}) GO TO 290 1ITIN M7

21 K =1+ 1 1TIN 78
T CALL TERROR(27) T T TINT 79
280 TABLIK.1) = NAMINN) T TIN 80
TABLIKe2) = NV TIN €l

"290 IF (TABLIK¢2} «NE. N¥) CALU ERROR(28) "TINT 82°
BRITE (6°K) NTART NYToNZToIVIL) oIl oNT o UXUE) o IxLoNXT oY I),I=1 TIN B3

A NYTI UZ(1) 11 ,NLT) TIN g4

T OTRETWRN 7T T TINT€S§°
300 CALL ERROR(30} ; TIN 86
RETURN TIN 87

T T ®ND T T T TTIN TEE
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SUBROLTINE INTERPIVI(NXoNYoNZoVT VX VY VI VRETN2)
CIMENSION VllBloVTIN!.NV'NID.VX(NX!.V!INV’.V!(NIi

TCALLU GETINDIVI (LY VR KXo NXZ VXD, K2, 1T
CALL GETINCIVI(2)oVYoNY  NYL,VYD K2,2)
CALL GE,[EDA!!&E,'VloﬂloulloVZQ3§213)

TTONIMEY T T T e

ACG VRET = VIINKL,NYL1,NZ1) ¢ VXD®IVT(NKL1+1,NY1,NZ1)-VT(NKL,NY1,NZ1))
IF_(KY .LE. 1) RETURN

TTWILTEwREY T T T

AY1 = NYL ¢ ]

VRET = VIIANX1,NYIoNZI1) ¢ VXD®(VTINX1eLoNY1,NZ1)~VT(NXL,NY],K21))
TTTRYLTEONYE -} e -

VPT2 = VRET
VRET = VPT1 ¢ VYCS(VPT2-VPT1)

IFTURE CEQIYTJ RETURN -
IF (NTM .EC. 1) GO 10 110
yPT3 = VRET

NIW™3" T =7 "~ -
M1l= NIle |
GO 10 109

TIO VRET s VP12 € VILSTVRET=VPTI)
RE TLRN
END

L

s




SUBACUTINE GET I DIVDVANTyN, VI, NTAB, 1VAR] 6I0 1
CIMENSION VAIKRT) GIo 2

T TCOMMGH /TAB/ TABLLZG¢2Y GIT 2

IF (NT .GT. 313 GO 7C 100 GIo0 4
K= 10 5
TN T T T T Gio 6
RETLRN Gio 7

100 If (VD .L¥. ¥Af{l} OR. VD .G¥. VAINT}) GO TO 130 GIo 8
TTTTTEOIIC U ET2LNT T T 1610~ 9
A= (=} 1GIC 10

IF (Ve .LE. VALL)) GC T2 120 1619 11
TIWOTCONTINUE— ~— —— T T IR0 12
120 ¥f = (VD-VAIN)}/(VALH4LI~VAIN]} GID 12
RETFLRN CIC 14

T1ZC CALU ERRORI29Y - — T 7T T YT GID 15
RRITE (3414T) TABLINTAD,1).NVAK,VD SI0D 15

140 FORMAT (7 TAGLE NAFE = €,A&4" VARIABLE KO =%,12,¢ VALUE wWaS *, GID 17
TTOOATIPEY3LEY T T TTT T T T T “GIDT 1t
N = Ni-} GIG 19
IFEVE LT, VALLIY N = ] 5i0 23

- €6 IC t286° - -~ T/ T TTmoTTTTTTTTTT - 61T 21
ENC GiG6 22
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SUBROLUTINE BUGPRT
IMPLICIT INTEGER (A-U) JREALEV-T)
COMAON 7HDCT VARARYIR20),NARLRYI4TO)
COPEON /COFNN/ STPCOP+STTREG+STPREG,COR(200)
Js=C
DO TCCT + 1,STPCON ”"
IF (CCmtl) .EQ. C) GO TO 110

100 4 = 1

TYIOIF TS LEQLOY GC T0TI30 T T T T
SRITE (3,120) (COM{L),VARARY{I),] = 1,J)

120 FORMAT (¢ CONMON VARIABLES®./,10(5(5%.A4,* = %,1PEL13.6)/)) 8L 11
13097 ="8 TToTTTrr TTTETT T TmT s T BuG 12
€0 1.3 I = STIREG,4CC 18L6 13
IF INWMARY{l) .EC. 0} GO TO 150 18LG 14
1403 F 1 T 7 - - T T/ e 18LG 15
150 If tJ .EQ. 0) RETLRN BUG 1&
BRITE €2,1€C) (NAMARY{I),VARARY(I) oI = STTYREG.J) BUG 17
150 FORMAT (¢ NON COPFMCN VARIABLES® /i 10{SISX A& ? 5 S IPETI.EI/VT T
RETLRN
END
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APPENDIX II
MODEL LISTINGS

UTILITY MODEL

—LOWIN Gmemfl snFLl MEL2,ERR

COWACN LrlouanlsdPLO,wPLY
CLMu, PTOWFRASFC
e LM in_ LadeaiM

Clinasn a:d.uP.T:S.ﬂENoT&QQSL'N'DpL,hCQ.iFL.CPhy’“i.ﬁgu,an
COMAUN R PTU,L3F0OLF
— LTV IhOKe L 1SE ALY GAY

COMACh luAd, luxD
Comsun wPp2
P 151 _ONE

RUN AGD Slct
GuH 2 Gn
SUN M 1 G ALLORANCE £%7: CQUISE

FUN M3D MAX NANGE
PUN #Ou TGTal FUEL
3 Y 1

QN S STAT wEIGHT
SUN 4Ju urdSS afigHT

11€R:0e UM va, FRATM ONE, AILL = 20
aFLl = wfL

N MIS STULKE OLD SarTa
PN A1 TLUATY

P& INT UmenEM saFLl ¢ aP L0 PTC PRAL SFO
Prilal PuaAl
e FPOL4Y_PALY

“UN #uu kEa SIZE DETA
1Is = ¢

— P Ind_ Tesi

BuN Mo S12E

“nH = {n

— ZUN_MUu T 4 AcL0&8NCE ANE CRUISE

AUN MU MAX RANGE
SUN 30 TUTAL FUEL
—_— 0% T _unH

wFL2 = uFL

FUN G0 AdAL «EIGHT

Gh2 = e

SUN KUY GRUSS REIGHT Tal
Lal = (e

G = O _

FUN PJU T u ALLOWANCE 2NT CRUISE
SUN 4y MAX RANGE
— 7U% 0D _TyTal_kuey

Ga = uun
wFL]l = mfL
RUN pLU FAYLUAD

On 2 LwZ -
SUN 4Lo ERRUR
— 1 = 1l e }

If ifn 15 o] MXTR, GO IC iHas
1F tik I> ol 2Gs GCTIC TaC
PoInt Tnne

PEIT AULLyUaT,ITR -
PUINT GulebaEM2,aFL1onPLLLPTC,PRE, SFC
PEINT _um2omFL2oMOL2

i

A R




[
nE2

TR

[ 14 %4
QYN MyD PAPL CQOSTS

SUN Mg JMax FIND vaxivur wALLE FDR 4 - J®ax = ylufPn

[

BRY-Y1 Q

POLT FiVE
2% %uD Coua$
——NE = _Ow

RUN MOu T O ALLGWANCE SWC CRUISE
SUN MJO MAX RANGE
Fus ., T0QTAL fUEL

Gw 2 pal
ITAT = JTAT » }
 ATEAAIE U 2ablPICGL =1 FECP FIVE

RN M2, MAINT COSTS
JIUN MU RIVER PPOS
SUN #gy M

DRINT SULE, " MEL3TPiri. = PUF L $PHUV ,,$PL ,SGu SCLF
17 an Joul 81460 10 FZ R
—_iDxaA = Gpaé_e 1

TTENATE FRUM PALT,TJuES = £
Ioxs = 1
16x3 =2 1D0AC o %

[TE€nalfc rAUM POAT, TIPES = 2

——emem e - mA—— - & ——
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=

Caon e s NS

10xg = }
inoxa =1

xRk = 2%
%2 = 1000

ol

s
a(8 = &0
“fu = 109

TEBLE NZME = EUF,,SIZE = (2}

B N « NE—
TABLE haME

1.5

i VY v

r 327
-4
S

¢ SIZE = (S}

1242 £953 bUeT £953 10.C ToCL 25,5 Ee0b 54,0 004 Jued £915 25,0 E¢35 44,0 Ee0S
1245 Eeu2

1e5 =03 les% £E-331¢2 £-038.5 E—0&%.75 £-(L5.v £-veb. & E=-345,.5 £~-04
€.6 | 32H

JauF fniMr =T o=iAT L, SIZE = {7}
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JAR s MAM: = PUb G R17F z {232

2 ie5

e33330 032333
I28ir Az = IN3AX,SIXE = 1141} .

v Sdce 1360 20508, 3000. SJTue T 2080,

TO3ue sulze S3CTe 13258, 11005, 12d0uide

RS VY I L P S 1 Pe Y =3.8% . £2.% LygaSs_ .. 3388 27,78
2%e33 IS E2et 7 1.1l 12.75 2.5

P23 hAMr T PEGL,SIIS = {14}

) e B85 2265 aS308  W620% 2 1% 254862 «2%92)
=358 «F53S e 5752 «G9iS o250 1e¥

3 Suie 19CC. 2808, 3300, LI 5uG0e £000,
13%4a 3% P 1 Sl 130G ve 11000, = Yianive

A3 ¢ NamE 5 PYLD.SI2E 2 (1%

1.5 o v 3.0 LY S.0 Equd Ze U £,0

Sl lUaw 11, C

L3+ PN ) 20es 380.0 i00.C 1i0.0

TEUs_nANE = MFE L8128 = MX1Y

le0 2e % 3.3 4. G S« [P Tel 2.0
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AZew 25w 300 25e.¢ X0
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e PIDi = FRASPES(1=2,)E%({TP=-111]
La/{5s 141tke32}

____xkﬁLL_“_unl-a:Hé:hr“ L35 X 1 I

nPL2

=

n2 ~ nEM2 - nCR = WFLZ




MODULE NAME = ERROR

- —LCMMON EnXsnPLushPLl
COMMUN Gm
O = Gm ¢+ 1o ERI4PLO-RPLL)
E0R = ({mPlu-—uPl {18 {4PI0-RFL 12188, ¢
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m
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" ) ) 0 it f
TSP LA G $ 08 R ol 0 0
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“NyLk heMc = PAPL CCSTS
o - COMAU a2 MshP e TASPEASNEN s YAR2 SLs REMSCPIASLD

WE = 12¢& ¢4T4%9%aE™
CET = 1020 ® naAS{220/0MP ¢ ,T7S8KPS$-,15)
-l = 1011 ® paad2,C58Pes-,23

(% = Fo3lc >%aisTlLSss] 248ND80~,]1¢
Cr =DRAS(SE - 6E-38PRB/NEN)
— 1B PRA IduY 3530,02 =NENGL1.295FS + 37(PRA/NEM <35uu1l)

C6 2 =376G ¢ 4,75%nA
€0 = (el ¢ (L ¢ C™ + CE ¢ (f
—_— L1 = _LJlelP

CA = Yuhs(PsSL/NP
CC = 1yl ¢ 3,325€-3¢4dF™
--£LfPOL =0

CPla = (P ¢ (] « CA
€0 = CC + CPGL
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MOADULE NALE = JMAX
—_— A = ladsaCPH
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¥PL = TabeE PYLDUTY
FL = PPL/lOUSaPL2

PUF = Pur /7 100

MODJLE NAME = PAYLOACDS
_LoMMO. PUF saPLl2ePLel

_——PUF = TJAete Publi}

e —— ——n — >4
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MODULE NAME = OGNS
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b

L

AT

“ONJLE KRAME = MAINT COSTS
e LSMADN i P e e OO aEP o TP JAJNFELSLGCFFHLCD
- COMMUre mFLTTIM
OLF = La/00W
—T% 2 L,5Tla 2 _5544/4dEM
T = 42G38INZ(ICLF ¢ L0177)/1.151002
CHru = Th/Tol-27.4 ¢ J0S3E2%uEN)
e L0228 = Th/Iw 4B 1E o LCOZIIONEM])
16 meM ISLT 32U, CFFM = IN/T8{,001Clontves}] 323)
= 1% azM I5LT 3203, CUPL =TN/T8L]1,01480EP0e,4)
— LT = LFM e 1291
CPFry = BLPLASLI297FAOSLY) o LT o CMT
CFR = nFL/&,58,2%

——(PFH = L2Fr ¢ (EUISSOLITN
PRINT (PIALFMCDJLFULLTTILP

Ty, G

e
TR R P

L A B

RN T

SR b s
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Nt LA

“GOJlz NAMZ = MOVER PRLS

e DTMNUN. THAK JMAX s TP Ha DL LR s DOR s VRC 2 PFALPY AT (P A, 0, PTL

INITIAL Y2z 0 = De2 = D.PT = QG,CELY = |}
PH = 1] -~ JeubPn
b= Tasic nPRoirrl

Twax = Tidle THAX{H)
AP = (1 - rs}eS3003)885, 258
CONG_= UL_® Gn-23,435/(DGReAPRY

CONZ = oT,5%E-53Vri85n
TN = PRALSLPnSl 1 -PRIILL)

Y W

AT 2leel-oJd26SZel (CONISATR S, &14CCN2)/CCNS
BT Zie%ci-eCcwS2¢ 1 (SONLIOATR) S, 31 eCLN2Y /CCNS
»

¥R Tletoloawct 20 ICEN]S2T12000, 400 (N2)/CCNS

W b

TR =1e451-edcsS2C({CONIS2TRISO,4L1eCCN2D/CIND
TR = ieb0i-e 26525 {(CTNIS2T100,41eC{N20/CCA3
— 812 slewaloe il UALONI*2TRIOO L0 COA2L/LEND

g

ETT = (PTG (1-PH/I00I-2,42E-59Ga3WREI /101850308 /7,4, 0710185/ 1 00n0aPRY Y

1F ATl 135 LT A¥YR, 2TR = 217
— £T7 = ;9Ealb 8 AJR -273,1&

211 = PIY
ATl = AT
— IF ATL_iS L1 ~23, 511 = -23

PT = TApLE TPROLAT] oH}
Az PRS- PTePTLII/72) ¢ &
18 2 k> 52 0 o 8 =3

IF AT IS ol Tmax , DELY = O
IF 3 IS GT Jmase J = J ~ DELY
S o= 3 e ufLY

ITERaTE wie J » 5 £ v 5

Wl
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CONTROL MODULE FOR TRANSPORT MODEL

1-~COMEON GUoNFLTUFL L, RFL2ERR - -~ — = -—=— — -
2 COFMON GHl,GNZ2NPLO.WPLL
3 COVEON PT0,PRALSFI
—— & - COMMON GHNO,¥EN- S e e - —— _——-
5 COownon aen.&P.IAs.nsu.VAa.SL,R.BPL,¥£t.i$t.s?ﬁ.?ll.ccvgnin
& COMPON-R,PTCSFO.F
== T - COMPCN IMOX,0ESCLALT;CAT— —-
8 COMM0N 10XA,10XD
. 9 COFMCH WPL2
- 30— PTINT CNE CoT - -
11 RUN %0C SI2%
12 RUN KOD ¥ O ALLOMANCE
-~ 13 RUN MOD-CLIFS — T —
14 RUN MOD CRULISE AT mCP
15 RUN mOC FLICHT IDLE
‘18 RUN ®OC CLIFB— — -~ - - —
17 RUN RMCD MAX RANGE
18 RUX #OD TOTAL FUEL
- 19— RUN MOC-STAY WEIGHY -
20 RUN m®0D GROSS WEIGHT
21 ITERATYE ON GM, FROM™ OKE, ATQL = 20
— 22 “MFLY = MFL ~"— - - -
23 Rux M0C STORE OLD CATA
24 PKRINT ALT 0T
= 25~ -PRIMT GUMEP;UFLIMPLOPTID; PRA,SFG
28 RUN M0D JRAX
27 POINT PDAT

= mm e e ————

- —— —

TG TR AR M

TR

R

28 POINT PALT- - —_— -— —
29 RUN ROD NEW SIZE CATA
30 1R = O

-31—-POINY INQO----— — -/
32 RUN MO0 SI11E
33 RUN 20D T C ALLGUANCE
- 34 RyN HQC-CLIFB - - - - — ="
35 RUN ROD CRUISE AT NCP
36 RUN ™0D FLIGHT [OLE
37 N MCD LUIKR—— - -
38 RUN NOC MAX RANGE
37 RuUN K0D T0TAL FUS
- 40 -MFL2 = WFL — — -
41 RUN NMOD ANAL WEIGHT
42 G2 = 0N
43— RUN MDD GROSS WEIGHT- TWO— -
46 %SM] = GW
45 RUN HMOD T C ALLOWANCE
- — &% -RUN BOD -CL-IPB - -
&7 RUN 3D CRUISE AT NCP
&8 RUN MGD FLICGHT [DLE
-- &9-- RUN R3D CL1IPS - - - =
50 RUN MOC MAX RANGE
51 RUN E(D TOTAL FUEL
- ~52 RUN MCO-PAYLORD——
S3 RUN M50 ERRACR
5¢ TR = ITR ¢ ]
— 8% 5F (IR IS GV MXTR, -GC TO-THRE-- _—- -—
6 IF ERR IS GY 20, GGTIC IxQ
ST POINT THRE
- S8—PRINT -ALT,OAT IR - -—
59 PRINT GW1,ShEM2,¥FL1,s?L1.PTC.?RA,SFO
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- e —- = x . e o aw— . -

=60 ~PRINT GM2,WFL2,UPL2 - — - -~ = - . — - e e
&1 RUX KGD PAPC COSTS
62 31 =0
33--30CS =0 -— — i

46 POINT FOUR
45 81 s 31 ¢ 1
=- A5 —~RUY MOD-PAYLGLDS - - - —_ —— -
47 1TaT = O
68 POINY FISE
— &9- RuN 20D QGMS—— —— —_— - = T =
I fun oD 0 rpgpouiNne
T RUN H0) CLI>A
—=T2—RUN 102 - LRV ISE AF- Y p——— — - =- o= — -~
73 RUX MCD FLIGHT IDLE
T4 RUN 10D CLIRS
- 75 - RUN EQO MAX- RANSE — -— T A e —m s = e e
76 RUN RCD TOTAL FUEL
IT 1TAT = I7aT + 1 3
——T8—1TERATE -Cr—SuFL ;P TOL =1 s FRON-FIVE ——
79 RUN ROD MAINT C0OSTS E
85 RUN MOD MOVER 2203 3
— 21- -AUK ®0D nEt ~ -
82 PRINT S0(CoSMELSCPFH(SPLF ,SPHOV,SPL . 354, SCLF
83 IF 8N ISGT $1,G0 TO FCUM 2
= 84——{0XA -=-IDXE—-}—-— — e ————— — — e
= 35 ITERATE FRCP PALT,TINES = S
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CONTROL MODULE FOR OBSERVATION MODEL

1 CUHHON
2 COMMON
—=-3 COMMON-
4 COMMON
5 COMMON
6 COMMON RyPTN,SFO,F—- ~———-
7 COMMGN INCX ,D1SC,ALT,CAT
8
()

Gi‘.“FLQHFLl.HFLZ' ERR
Gl l, G2, WPLCo WPLL
PTO, PRA,SFO - -~ -
GWY, WEM

COMMON 10XA,1DX0
COMMON-WPL2 - ——

HEM, NP, TASINEN,YAR,SL, N' CPL'HCR'HFLf DPHyPRA,CGW s MFH

e e x ¢ e — - —— S ——r = ——————

10 PNINT ONF

11 RUN MOOD SIZE

= 12 - RUN-MOD MISSION-FUFt— — - = — .
13 RKRUN MOD STAT WEIGHT

14 RUN MOD GROSS WEIGHY

15 [ITERATE-ON GWy FROH ONEe ATCL-e-20-—- --
16 H‘Ll = WFL

17 R:uN MOC STORE OLD CATA

i8 °'liNr ALTH0AT - - -— ————
i9 PRINT GW.WEV,WFLWPLO, PTOLPRALSFO

23 PO0INT POATY

21 POINT PALT - — e e - —
22 RUN MOD HEW SIZE DATA

23 IR =2z 0

24 POINT-THO—- - - -

25 RUN MOC SIZE

26 RUN MOD ANAL WEIGHT

=27 RUN MOD-MISSION-THME—- —— .-
28 HFL2 = WFL

29 GW2 = Gw

30 ”UN-HOD) GROSS HEIGHF- TRO - =~ e e
31 GWY = GW

32 RUN MOD MISSION FUEL

~33 WFLL = WFt- --- —_ - -
34 RUN MOD PAYLOAD

35 GW 2 GW2

=36 RUN MOD-ERROR - — - - _—

37 ITR = ITR ¢ 1}

38 IF ITR IS GT HXTR, GC YO THRE

39 {F ERR-1S GV 20y - GOTCG IW0- - e e — - - -
40 PrIINT THRE

&1 PRINT ALT,0AT-13R

42 PRINT GHIy‘kENZvUFH'hPLivPTG'-FRl'SFO
43 PR [NT GW2.MFL2,WPL2

44 ODGW = GW2

" -45 “CH = WEMZ . e -

46 DPL = WPL2

&7 GW = GW2

. 48 SCUF = }. .« -m L ...

49 $0CE =0

50 RUN MO0 PAPC CQSTS

51--RUN MOD-MAIAT COSTS- - oo .
52 RUN MOC MEl

53 PRINT SOCE, SME] ,SCPFH ,SMIST.GW

54 0XA = IDXA + 1 - _ . e e e -
55 [ITERATE FROM PALT,TIALS = S
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CONTROL MODULE FOR CRANE MODEL

—_— — =

- m— e ——— ——

1 COVY4ON GasaFLonFLY¢nFL2,ERR
2 COMMON Lwi,6W2yWPLO,WPLL

— 3 COMaIx PTUPRAYSFO - - — -
& COMAUN GwlrnEM

S COM4JIN WEMINP yTAS JLENSYAR SLoNDPL yCR o hFL yCPH ¢ PRA {UGR s MFH
~— & COMMUN Ky PTOSFU g == —— o

7 CCMMCN INCXsCISCoALT,CAT
8 CO“MON 13xXA, luX0
cG  COMMIN WPL2 - S m e - e

10 PCINT ONE
11 RUN MOu SI(E
—12 - RUN MOU-FLIOGHT 1DLE e

13 RUN MOU T O ALLOWANCE
14 RUN MGD FOVER
=15+ RUN MOU MAX RANGE-— - - -—— - = ———- ———— —— - -
1€ GW = Gw + DPL
17 F = F + CF
~—18-~RUN-HOD- HIVER s ——

19 RUN HUD MAX RANGE
20 RUN MOU TUTAL FUEL

—21--RUN MOU-5TAT REIGHT——-- —— — ~. -
22 RUN MUJ GROSS mEIGHT

23 ITERATE LN va, FROM ONE, ATOL = 20
24— ML e ———— - - -

25 RUN MOD STJRE CLD DATA
26 PRINT ALT,0aT

—23--PRINT OWpaEN I nF LINPLOVPTC ) PRAY SFE-— =  -- <= —mme —eemn o
28 POINT POAT
25 POINT PALT

—3) -FUN-MOU Hzw S5IZL DATA - ~mme-= - or cmemme s — -
31 I1TR = 0
32 POINT TaO

—33 - RUN MOU—SH2€ e s am e -
34 RUN MUD FLIGHT IDLE
35 AUN MUuL T O ALLOWANCE

—36- QUN MEU-HUVER e e e

37 RUtI MJS MAX RAMGE
38 Gw = OGw ¢+ UPL
~30 —F-x- F + DF— — - - -

40 RUN MUL HOVER
41 RUN MOO MAX RLNGE
42 RUN-MOU-TUTAL= FUE -~ mommmm wmemme  m eme e - -

63 MFL2 = wFL
&4 RUN MuU ANAL nEIGHT
— 45—GH2 =- Gu——-
&6 RUN MuD GRUSS mEIGHT Ted
&7 GW]l = GOw
—4&8-—RUN-Mu O FLHGHT -1DLE -—

49 PUN MUD T O ALLOWANCE
S50 WYUN MCD HOVER
~51-- JUN 40U -MAX- RANGE—-——-- - oo = o ——— e e e aem
52 Gw = Gw ¢ DPL
$3 F = F ¢+ NF
-54& PUN HUD-hOVER——m-m— === o o e e e e e o———

SS QUN MUD MAX RANGE
56 RUN MOD TOTAL FUEL

57 WFLL ®-WFL - = — e ¢ e
58 RUN NMUD PAaYLOAD
59 GW = Gmz
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- - -— e e ——— T -

50 RUN MO0 ERRUR
61 IR = JTh ¢ 1}
-2 ¢2 1F-{TR IS GT MXTR~-GC TC THRE- — ——— o — == -
63 IF EKR 1S GT 20, GOTC TwO -
64 POINT THRE
- 65- PRINT ALT,0AT IiTR ——
66 PRINT GalsSmEM2+WFLL4RWPL1,PTC,PRA,SFC
67 PRINT Ga2snfFl2eWPL2
=-~48 DGW—= Gué—— -— b
40 HEM =z wEM2
70 OPL = wPLZ
- Fi——RUN MO0 PAPL—CUSTS~—-— -
T2 RAUN MOD JMAX
72 st =0
~76 S$OCE~=0~— -
7% POINT FOUR
T+ 81 = s ¢ |
77- RUN MGD PAYLOALS— -
78 ITAT = 0
79 POINT Flve
- RC RUR-MUDQ OGuS ——— -
81 RUN MJD FLILKT [DLE
B2 RUN MGD T U ALLO=ANCE
—83 - RUN M0U HUVER——— = —— -
C4& RUN MUD HAX RANGE
B¢ 0w = Gw ¢ QPL
84 F-oF—eOf ==
87 ARUN MUD ROVER
f3 RUN MOU MAX RANGE
€G- RUN Mal TOTAC-FUEL—
90 ITAT = ITAT ¢ 1
91 ITERATE UN SnFLPTOL=1,FRCP FIVE
92 RUN MUD MAINT- COSTS .- —_
$3 RUN XJb RJVER PROB
S4 RUN MJU MEL
QL - PRINT LUCEedMELs STP Fhy SPUFySPHIV s SPLySLWe4TLI
a6 1F sN ISGT »1,GC TO FOUR
37 IDXA = jLXA ¢ )
-~98 FTERATE FRUM- PALTYTIMES % —
9¢ [0XxA = ]
100 ID0Xx0 = 1DX0 ¢+ 1
101~ A FERATE-FROM-POAT—T EMES- a2
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CONTROL MODULE FOR GUNSHIP MODEL
1 COFMCN GWoWFL ,WFLI,WFL2.ERR
2 COPMON GV 1, CH2,WPLC,WPLYL
TTFT TCOPHON PTIC,PRA,SFO T T Tt T T T m s T =TT oroTmmee
& COFMNIN GHO¢WEM v
5 COPMON HEM.&P.TAS.NEN.VAR.SL'N.PPL.RCR.HFL,DPH PRA , COW, 14FN
& CORMON R,PTC,SFO,F T T T, e T/
T COMMCN INGX,DISC,ALT,CAT
8 COMFCN 1DXLIDXO
TT9TCOMKON NPLZ - T TTTTITT T T C T T ST e e

10 POINT ONE
11 RUN MOD S1IZE

TTTZ7TRUNTMOD CRUISE HOVER AND™VMAX -~ "7~ — === e
13 RUN NOD MAX RANGE
14 RUN MOD TOTAL FUEL

TT157TRUN MOD STAT WEIGHY -~ 77 =77 77 oo s e e

16 RUN MOp CROSS WEIGHT
17 1TERATE ON Gu, FRON ONE. ATOL = 20

TTIBTTTHFRLY T = WFU - o T -

19 RUN MOD STORE GLD DATA
20 PRINT AL",0AT

TTRITTPRINT GU O REM WFL WPLD ,PTOZPRA,SFO™ - I T .

22 POINT POAT
23 POINT PALT

2% TRUN MOC NEW STZE TATA
25 1TR = ¢
25 POINT TrO

T ZT  RUN"PUDSIZE ot T = -
28 RUN MOC CRUISE HMOVER aND VMAX
29 RUN MO0 MAX RANGE
30" RUN MOD TOTAL FUEL -~ ~ - ° TToTTTT T T T T T T e
31 WFLZ2 = WFL
32 RUN POD ANAL WEIGKT

T3 G2 = GW - - - . - e

34 RUN MOD GROSS WEIGHT THO
35 GWl = GwW

- ———

36 RUN MOD CRUISE hCYER AND VEAX™ — - - -

37 RUX M0D MAX RANGE
38 RUN MDC TOTAL FUEL

TTIFTWRLL TS THRUTT T T T T T T T s e s e s s e e e
40 RUN MOD PAYLOAD
41 GW = GwW2

TR RUNTMOU ERKCRT T T T T e -
43 (TR = ITR ¢ )
4% IF ITR IS GT MXTR, GC TC THRE

TASTIFTERR IS 6TT203 T GOTC WO T T T T o s s e
46 POINT THRE
&7 PRINT ALT,DAT,1TR

TRS T PRINT GULTSWEMZIWFLL  wPLTISPTC,PRASFO— - T T s s T e
49 PRINT GW2,%WFL2,WPL2
50 OGW = GW?®

TSI TWEMT4TWENZT———— — — - - TeT TTTT T T TTET T e
52 DPL = WPL2
55> RUN MOC PAPC COSTS

TTTS&TRUN MOD UMAX T T T T T s - e s et T, oot - s
55 81 =9
56 SOCE =0

TTST POINT FOUR - Tt T T T e T T

58 sI = 31 ¢ 1
59 RUN NOD PAYLOADS
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60 ITaAY = O .
6l POINT FIVE

T82 RUN MCGD SGwS T T 7T TTT T -
63 RUN MOL CRUISE HIVER ANC vMaX
€6 RUN FCD M&X RANGE

65 RUN ¥GD TOTAL FUBL ~ - T -

36 ITAT = [TAT ¢ 1 .

67 ITERATE OM $%FL,2IGL=1;FROM FIVE

587 RUA MOD MAIAT £O5¥S ~ T T T TTT— e e -
83 RUN ST BCVIR PRUS

1¢ RUN HOD ME]

73 PRINT $0CE: SMET:3CPFHoSPUF,$PHOVISPT 35N, 3$00F - = -
T2 IF 38 ISST 31,560 TO FCUR
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MODULe NAMc = NEJ
2PHIY = ] = $A
SVME]L = */LesPHULV

$0CE = SOCECSMELI/SCPFHSSPUF
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LIST OF SYMBOLS

R e
>

joint probability plot ar=a
; ALT altitude, ft
(E APR atmospheric pressure ratio
‘é AR aspect ratio
% AT atmospheric temperature - °F
% ATR atmospheric temperature ratio
BL  blade loading - 1b/ft’
% CA attrition costs ~ $
; CB main rotor blade chord - ft
% cC crew costs - $/flight hr
é CcD direct costs - $/flight hr
lé CE engine cos% - §
? CET cost of engineering and tooling - $

CFM field maintenance cost - $/flight hr

ARt

CG cost of GFE - §
E CI initial spares cost - $
E CL cost of labor ~ §
é CcM cost of materials - §$
é CMT total mainterance cost - $/flight hr

COPL overhaul parts and labor cost - $/flight hr

PR Ryt ]

Ccp total aircraft production cost - $

5
=

total cost per flight hour - $/flight hr

CPIA vproduction, initial spares and attrition costs - §

CPOL  fuel cost - $/flight hr

UM AR [t kA

il Dl S

o

=




DE

DIS
DL

DLN
DPH
DPL

DR

EN

EUF

FOW

FRC

GWO

W1

LIST Of SYMBOLS (Continued)

design vzalue of endurance - min
design gross weight - 1b
distance - n mi

disc loading - 1b/ft?
normalized disc loading -~ DL/DR
incremental altitude probability width
design payload or change in payload - 1b
density ratio - p/p0

endurance - min

number of engines

endurance utilization frequency
equivalent flat plate drag area - ftz

mission segment fuel load - 1b

ratio of drag area times DR to GW - (F) (DR)/GW

forward rate of climb - ft/min

gross weight - 1b

single-point design gross weight - 1b
first design point gross weicht -~ 1b
second design point gross weight - 1b
altitude - ft

horsepower

power reduction - MRHP/SHP

mission effectiveness index

average monthly flight hours - hr

=
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LIST OF SYMBOLS (Continued)

maximum overload gross weight, 1b

.5 R0 RN, el e

= MRHP main rotor horsepower
N number of payload increments :
NEN number of engines :

NMR number of main rotor blades

DAL L bR

NP number of ships produced (fleet size)

OAT outside air temperature - °C
OTE overall cost effectiveness index

OE operating endurance - min

Ul A R

OLF overload factor - %

I

gyl

OPL operating payload - 1b

"

g PA power available -~ hp %
3 PHOV  hover probability :

PM power margin - %

POW power-to-weight ratio - MRHP/GW

PR pressure ratio

T

PRA intermediate rated power of engine @ SL, 59°F — hp

i A

PRF referred power - hp
i PRQ power reguired for level flight - hp
PT temperature probability

PTO power at transmission *torque limit - hp

T R et

PT1 previous value of PT
PUF payload utilization frequency

Q torque limit of transmission - ft-1b

T Oy o f
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O g O T Iy

il

B lil
P e T T I

QMR

RCP

R/C

SAR
SAS
SFC
SFO
SL
SM

SSF

TAS

TIM

TN

TR

VRC
WA

WCR

LIST OF SYMBOLS (Continued)

main rotor torque - ft-1b

main rotor radius - ft

maximum continuous bcwer rating factor
percent fuel for reserve - %

rate of climb

relative payload (to design)

solidity = a

specific air range - n mi/lb

stall limited air speed - kn

specific fuel consumption - 1lb/hr-hp

specific fuel consumption at PRA - 1b/hr-hp

system life - years

airspeed margin to stall - kn
normalized specific fuel consumction
actual average MTBF - hr

true airspeed - kn

time - min

maximum temperature at a given altitude - °F

normal average MTBT - hr
temperature ratio

main rotor tip speed - ft/sec
vertical rate of climb - ft/min
AMPR weight - 1b

weight of crew - 1b
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LiST OF SYMBOLS (Continued)

empty weiqnt of ship - 1b

fuel weight - 1b

payload - 1b

average yearly attrition rate - no./yr

rotor speed - rad/sec
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